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(54) Exhaust gas purification device 

(57) An exhaust gas purification device (12) having 
a NOx absorbent (12) includes a by-pass passage (18) 
for by-passing the NOx absorbent, exhaust gas flow rate 
control means (22) for regulating both a flow rate of ex- 
haust gas flowing to the NOx absorbent and a flow rate 
of exhaust gas by-passing the NOx absorbent, and re- 
ductant addition means (32) for adding reductant into 
an exhaust passage upstream of the NOx absorbent. In 
this device, when it is necessary to discharge sulfur 
components from the NOx absorbent, a temperature 
rise control is executed such that a temperature of the 
NOx absorbent is higher than a predetermined temper- 
ature. Then, a rich condition control is executed such 
that an air-fuel ratio of the exhaust gas flowing to the 
NOx absorbent becomes one of a substantially stoichi- 
ometric condition and a rich condition. The flow rate of 
the exhaust gas to the NOx absorbent during the tem- 
perature rise control is controlled so as to be higher than 
that during the rich condition control. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The invention relates to a device for purifica- 
tion of exhaust gas of an internal combustion engine, 
and in particular, relates to an exhaust gas purification 
device having means for removal of nitrogen oxides 
(NOx) contained within the exhaust gas. 

2. DESCRIPTION OF THE RELATED ART 

[0002] Generally, direct injection internal combustion 
engines, for example, diesel engines, are required to re- 
move exhaust particulate matter such as soot, as well 
as nitrogen oxides (NOx), contained within exhaust gas. 
In order to address this requirement, a method has been 
proposed in which a particulate filter supported by a NOx 
absorbent is disposed in an exhaust gas passage of an 
internal combustion engine. 

[0003] The NOx absorbent used in such cases ab- 
sorbs NOx when the air-fuel ratio is lean. In addition, the 
NOx absorbed in the NOx absorbent is reduced and pu- 
rified, if the air-fuel ratio of the exhaust gas becomes 
rich and there is a reductant such as HC or CO present 
within the exhaust gas also (by a NOx absorption-dis- 
charge-reduction action or a NOx absorption-reduction 
action). By utilizing this action, NOx within the exhaust 
gas is absorbed into the NOx absorbent when the air- 
fuel ratio of the exhaust gas is lean. However, after use 
over a given period of time, when the absorption effi- 
ciency of the NOx absorbent falls or just prior to absorp- 
tion efficiency falling, the reductant (fuel) is supplied, or 
the like, to the NOx absorbent, and reduction-purifica- 
tion of the absorbed NOx is executed. It should be noted 
that in this specification the term "absorption" also in- 
cludes the meaning "adsorption". Accordingly, the term 
"NOx absorbent" which will be used hereinafter, in- 
cludes both a "NOx absorption agent" that stores NOx 
in the form of nitrate, or the like, and a "NOx adsorption 
agent" that adsorbs NOx as N0 2 , and the like. 
[0004] However, there are cases when the fuel of the 
internal combustion engine contains sulfur (S) compo- 
nents, and as a result, sulfur oxides (SOx) are contained 
within the exhaust gas. When SOx is present within the 
exhaust gas, the NOx absorbent executes the absorp- 
tion of SOx using exactly the same mechanism as is 
used to execute the absorption of NOx within the ex- 
haust gas. 

[0005] However, the SOx which is absorbed into the 
NOx absorbent is comparatively stable, and is, gener- 
ally speaking, easily stored in the NOx absorbent. If the 
amount of SOx stored in the NOx absorbent increases, 
the NOx storage amount of the NOx absorbent decreas- 
es. As a result, the NOx absorbent becomes unable to 
adequately remove NOx within the exhaust gas and 



thus the problem of so-called sulfur poisoning (herein- 
after referred to as "S poisoning), in other words, a fall 
in NOx purification efficiency occurs. In particular, the 
problem of S poisoning has atendency to occur in diesel 
5 engines that use diesel oils which contain a compara- 
tively large sulfur component within the fuel. 
[0006] On the other hand, it is widely known that SOx 
stored within the NOx absorption agent can be dis- 
charged, desorped, and the like, by the same mecha- 
10 nism as for NOx. However, since SOx is stored in the 
NOx absorbent in a comparatively stable form, it is dif- 
ficult for the stored SOx to be discharged at the temper- 
ature at which the NOx reduction-purification control is 
executed (for example, at around 250°C or above). Ac- 
's cordingly, in order to solve the problem of S poisoning 
it is necessary to raise the temperature of the NOx ab- 
sorbent to a temperature higher than the normal tem- 
perature for executing NOx reduction-purification con- 
trol, on in other words, to a temperature at which sulfur 
20 is discharged (for example, 600°C or above). Further- 
more, it is also necessary to change the air-fuel ratio of 
the inflowing exhaust gas to a substantially stoichiomet- 
ric condition or a rich condition (hereinafter these con- 
ditions are simply referred to as a "rich condition") and 
25 periodically execute S poisoning regeneration control. 
[0007] It is presumed that a temperature condition at 
which S poisoning regeneration control can be executed 
is obtainable at times of high load/high engine rpm com- 
bustion engine becomes high. However, when the inter- 
so nal combustion engine is in such a high load/high rpm 
operational state, the amount of exhaust gas discharged 
from the internal combustion engine increases. As a re- 
sult, in order to form an exhaust gas with a rich air-fuel 
ratio for execution of the S poisoning regeneration con- 
35 trol, a large amount of fuel (reductant) appropriate to the 
amount of the exhaust gas is necessary. This, however, 
leads to a deterioration in fuel consumption. Moreover, 
in this case, the flow rate of the exhaust gas flowing 
through the NOx absorbent becomes higher, and thus 
40 the contact time of the exhaust gas and the NOx absorb- 
ent becomes shorter. As a result, sufficient reaction time 
for the reductant contained in the fuel can no longer be 
obtained, and problems related to worsening emissions 
occur (for example, the amount of hydrocarbons that 
45 elude the absorption agent increases). 

[0008] In order to suppress such deterioration in fuel 
consumption and worsening emissions, a method for 
executing the S poisoning regeneration control has 
been disclosed. In this method, in contrast to above, the 
50 temperature of the NOx absorbent is raised by adding 
fuel to the exhaust gas at times such as idling stop and 
deceleration when the exhaust gas amount discharged 
from the internal combustion engine becomes less. 
However, in this case, the amount of exhaust gas dis- 
55 charged from the internal combustion engine is small 
and thus the heating value of the combustion of the add- 
ed fuel is limited. Accordingly, this method suffers from 
the problem that it takes time for the temperature of the 
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NOx absorbent to rise. 

In addition, a heating method using heating means 
such as an electric heater or a burner, is known as a 
method for raising the temperature of the NOx absorb- 
ent. However, in this case, problems arise such as an 
increase in device cost due to providing the heating 
means, and an increase in fuel consumption resulting 
from the energy required for heating. 

SUMMARY OF THE INVENTION 

[0009] In the light of the foregoing circumstances, it is 
an object of the invention to provide an exhaust gas pu- 
rification device which can, with respect to S poisoning 
regeneration of a NOx absorbent, reduce regeneration 
time and suppress the worsening of emissions and de- 
terioration in fuel consumption. 

[0010] In order to accomplish the object of the inven- 
tion, an exhaust gas purification device according to the 
first aspect of the invention includes a NOx absorbent 
disposed in an exhaust gas passage through which ex- 
haust gas discharged from an internal combustion en- 
gine passes. This NOx absorbent absorbs NOx when 
an air-fuel ratio of exhaust gas flowing into the exhaust 
gas purification device is lean, and reduces and purifies 
this absorbed NOx when the air-fuel ratioof the inflowing 
exhaust gas becomes richer. This exhaust gas purifica- 
tion device is characterised by including exhaust gas 
flow rate control means for regulating a flow rate of the 
exhaust gas flowing to the NOx absorbent, and reduct- 
ant addition means for adding reductant into the exhaust 
gas passage upstream of the NOx absorbent. The ex- 
haust gas purification device is further characterised in 
that it executes, as an S poisoning regeneration control 
when it is necessary to discharge sulfur components 
from the NOx absorbent, a temperature rise control con- 
trolling a temperature of the NOx absorbent such that 
the temperature is higher than a predetermined temper- 
ature, and subsequently executes, a rich condition con- 
trol for controlling the air-fuel ratio of the exhaust gas 
flowing to the NOx absorbent such that a substantially 
stoichiometric condition or a rich condition is formed. In 
addition, the exhaust gas purification device executes 
control such that the flow rate of the exhaust gas flowing 
to the NOx absorbent is greater during execution of the 
temperature rise control than during execution of the 
rich condition control. 

[0011] According to the first aspect, during the tem- 
perature rise control of the S poisoning regeneration 
control, the reductant is added in a state where a suffi- 
cient flow rate of the exhaust gas flowing to the NOx 
absorbent (hereinafter referred to as the "NOx absorb- 
ent inflow exhaust gas flow rate") is maintained, and a 
state where the NOx absorbent inflow exhaust gas flow 
rate is controlled to be appropriate. As a result, the re- 
ductant reacts adequately and it is possible to rapidly 
raise the temperature of the NOx absorbent to a desired 
temperature. Thus, it is possible to reduce the time tak- 



en for S poisoning regeneration control, and reduce de- 
terioration of emissions. 

[0012] In addition, during the rich condition control, 
the reductant is added when the NOx absorbent inflow 

5 exhaust gas flow rate is lower than that during the tem- 
perature rise control. As a result, it is possible to sup- 
press deterioration of emissions and worsening fuel 
consumption during the S poisoning regeneration con- 
trol. Furthermore, the NOx absorbent inflow exhaust gas 

10 flow rate is regulated using the by-pass passage. Thus, 
it is not necessary to substantially restrict the total 
amount of exhaust gas discharged from the internal 
combustion engine. Accordingly, it is possible to exe- 
cute S poisoning regeneration control throughout a 

15 broad range of engine operating ranges. 

[0013] Furthermore, it is possible to configure the ex- 
haust gas purification device according to the first as- 
pect such that, when it is necessary to discharge sulfur 
components from the NOx absorbent, a reductant is 

20 added according to different for a first method for the 
temperature rise control and a second method for the 
rich condition control, respectively. 
[0014] In an exhaust gas purification device according 
to a second aspect of the invention, a NOx absorbent is 

25 disposed in an exhaust gas passage through which ex- 
haust gas discharged from an internal combustion en- 
gine passes. This NOx absorbent absorbs NOx when 
an air-fuel ratio of exhaust gas flowing into the exhaust 
gas purification device is lean, and reduces and purifies 

30 this absorbed NOx when the air-fuel ratioof the inflowing 
exhaust gas becomes richer. This exhaust gas purifica- 
tion device is characterised by including exhaust gas 
flow rate control means for regulating a flow rate of the 
exhaust gas flowing to the NOx absorbent, and reduct- 

35 ant addition means for adding reductant into the exhaust 
gas passage upstream of the NOx absorbent. The ex- 
haust gas purification device is further characterised by 
executing an S poisoning regeneration control when it 
is necessary to discharge sulfur components from the 

40 NOx absorbent. During this S poisoning regeneration 
control, a temperature rise control is executed for con- 
trolling a temperature of the NOx absorbent such that 
the temperature is higher than a predetermined temper- 
ature, and then, a rich condition control is executed for 

45 controlling the air-fuel ratio of the exhaust gas flowing 
to the NOx absorbent such that a substantially stoichi- 
ometric condition or a rich condition is formed. In addi- 
tion, a reductant addition method is different for the tem- 
perature rise control and the rich condition control, re- 

50 spectively. 

[0015] According to the second aspect, the reductant 
is added according to different methods, during the tem- 
perature rise control and the rich condition control. 
These methods are appropriate for the respective con- 

55 trols. As a result, efficient addition of the reductant is 
executed. Thus, it is possible to reduce, with respect to 
the S poisoning regeneration control, the time taken for 
regeneration, and also suppress worsening emissions 
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and deterioration in fuel consumption, as is the case for 
the fist aspect of the invention. 

[0016] According to the first and second aspects, the 
exhaust gas purification devices may be further provid- 
ed with a by-pass passage for by-passing the NOx ab- 
sorbent. Moreover, the exhaust gas flow rate control 
portion may be configured such that it can regulate both 
the flow rate of the exhaust gas flowing to the NOx ab- 
sorbent, and the flow rate of the exhaust gas which by- 
passes the NOx absorbent. 

[0017] In the exhaust gas purification devices accord- 
ing to the first and second aspects, during the temper- 
ature rise control, an amount of reductant added is in 
accordance with one of, a difference between the tem- 
perature of the NOx absorbent prior to the start of tem- 
perature rise and the predetermined temperature, and 
a difference between the temperature of the NOx ab- 
sorbent during temperature rise progression and the 
predetermined temperature. The addition is such that a 
lean condition of the average air-fuel ratio of the exhaust 
gas flowing within the exhaust gas passage to the NOx 
absorbent is maintained. As a result, the temperature of 
the NOx absorbent may be controlled so as to rise, at 
least, to the predetermined temperature. Furthermore, 
during the rich condition control, the NOx absorbent in- 
flow exhaust gas flow rate is reduced as compared to 
that during the temperature rise control. In addition, con- 
trol of the reductant addition may be executed such that 
both the NOx absorbent inflow exhaust gas flow rate is 
richer than aDstoichiometric air-fuel ratio, and the tem- 
perature of the NOx absorbent is kept from reaching a 
temperature at which deterioration of the NOx absorb- 
ent occurs. 

[001 8] As a result, during the temperature rise control 
and the rich condition control, the necessary amount of 
reductant is appropriately added. This makes it possi- 
ble, during S poisoning regeneration control, to reduce 
regeneration time, suppress worsening emissions and 
deterioration in fuel consumption, and also prevent de- 
terioration of the NOx absorbent caused by overheating. 
[0019] In an exhaust gas purification device according 
to a third aspect of the invention, a NOx absorbent is 
disposed in an exhaust gas passage through which ex- 
haust gas discharged from an internal combustion en- 
gine passes. This NOx absorbent absorbs NOx when 
an air-fuel ratio of exhaust gas flowing into the exhaust 
gas purification device is lean, and reduces and purifies 
this absorbed NOx when the air-fuel ratio of the inflowing 
exhaust gas becomes richer. This exhaust gas purifica- 
tion device is characterised by including exhaust gas 
flow rate control means for regulating a flow rate of the 
exhaust gas flowing to the NOx absorbent, and reduct- 
ant addition means for adding reductant into the exhaust 
gas passage upstream of the NOx absorbent. The ex- 
haust gas purification device is further characterised by 
executing an S poisoning regeneration control when it 
is necessary to discharge sulfur components from the 
NOx absorbent. During this S poisoning regeneration 



control, a temperature rise control is executed such that 
a temperature of the NOx absorbent subject to S poi- 
soning regeneration control (hereinafter referred to as 
the "subject NOx absorbent") becomes higher than a 
5 predetermined temperature. Then, a rich condition con- 
trol is executed for controlling the air-fuel ratio of the ex- 
haust gas flowing to the subject NOx absorbent such 
that a substantially stoichiometric condition or a rich 
condition is formed. Furthermore, during the tempera- 
te ture rise control, an amount of reductant added is in ac- 
cordance with one of, a difference between the temper- 
ature of the subject NOx absorbent prior to the start of 
temperature rise and the predetermined temperature, 
and a difference between the temperature of the subject 
15 NOx absorbent during temperature rise progression and 
the predetermined temperature. Moreover, control is ex- 
ecuted such that the subject NOx absorbent inflow ex- 
haust gas flow rate is higher during the temperature rise 
control than during the rich condition control. Further- 
20 more, the reductant addition is such that a lean condition 
of the average air-fuel ratio of the subject NOx absorb- 
ent inflow exhaust gas flow rate is maintained. As a re- 
sult, the temperature of the subject NOx absorbent may 
be controlled so as to rise, at least, to the predetermined 
25 temperature. On the other hand, during the rich condi- 
tion control, the subject NOx absorbent inflow exhaust 
gas flow rate is reduced as compared to that during the 
temperature rise control. In addition, the reductant ad- 
dition is executed such that both the subject NOx ab- 
30 sorbent inflow exhaust gas flow rate is richer than the 
stoichiometric air-fuel ratio, and the temperature of the 
subject NOx absorbent is kept from reaching a temper- 
ature at which deterioration of the NOx absorbent oc- 
curs. 

35 [0020] As a result, during the temperature rise control 
of the S poisoning regeneration control, the amount of 
reductant in accordance with the necessary tempera- 
ture rise is added in a state where a sufficient NOx ab- 
sorbent inflow exhaust gas flow rate is maintained, and 

40 a state where the NOx absorbent inflow exhaust gas 
flow rate is controlled to be appropriate. A lean state of 
the average air-fuel ratio of the exhaust gas flowing to 
the NOx absorbent is also maintained. As a result, the 
reductant reacts adequately and it is possible to rapidly 

45 raise the temperature of the NOx absorbent to a desired 
temperature. Thus, it is possible to reduce the time tak- 
en for the S poisoning regeneration control, reduce de- 
terioration of emissions, and also prevent deterioration 
of the NOx absorbent caused by overheating. 

50 [0021] In addition, during the rich condition control, 
the NOx absorbent inflow exhaust gas flow rate is re- 
duced, and the reductant addition is executed such that 
the air-fuel ratio of the exhaust gas flowing to the NOx 
absorbent becomes richer, and the temperature of the 

55 NOx absorbent is kept from reaching the temperature 
at which deterioration of the NOx absorbent occurs. As 
a result, it is possible to suppress deterioration of emis- 
sions and worsening fuel consumption, and prevent de- 
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terioration of the NOx absorbent caused by overheating. 
[0022] In the exhaust gas purification device accord- 
ing to the first to third aspects, the aforementioned ex- 
haust gas passage may be formed from a first branch 
passage and a second branch passage. The second 
branch passage diverges at a point along the first 
branch passage and then converges at a separate point 
along the first branch passage. Moreover, the NOx ab- 
sorbent may be disposed between the diverging point 
and the converging point of the first and second branch 
passages. Furthermore, the exhaust gas flow rate con- 
trol means may control the flow rate ratio of the exhaust 
gas flowing in both of the branch passages. 
[0023] As a result, when the S poisoning regeneration 
control is being executed with respect to the NOx ab- 
sorbent (hereinafter referred to as the "subject NOx ab- 
sorbent") disposed in one of the branch passages, reg- 
ulation of the subject NOx absorbent inflow exhaust gas 
flow rate is executed. This is realized by feeding the ex- 
haust gas flowing through the other branch passage 
such that it passes through a separate NOx absorbent 
disposed in the other branch passage. As a result, even 
when the S poisoning regeneration control is being ex- 
ecuted, exhaust gas which has not passed through any 
of the NOx absorbents is prevented from being dis- 
charged to the atmosphere. 

[0024] Furthermore, in the exhaust gas purification 
device according to the first to third aspects, the reduct- 
ant addition during the temperature rise control and the 
rich condition control may be executed, respectively, by 
injection of the reductant the plurality of times. Further- 
more, these injections may be executed such that the 
injection continuation duration for one injection is longer 
for the temperature rise control than for the rich condi- 
tion control, and the injection frequency is lower for the 
temperature rise control than for the rich condition con- 
trol. 

[0025] Moreover, in the exhaust gas purification de- 
vice according to the first to third aspects, the reductant 
addition during the temperature rise control and the rich 
condition control may be executed, respectively, by in- 
jection of the reductant the plurality of times. Further- 
more, these injections may be executed such that a re- 
ductant injection amount per each unit of time for each 
injection is greater for the rich condition control than for 
the temperature rise control, and the injection frequency 
is lower for the rich condition control than for the tem- 
perature rise control. 

[0026] Furthermore, in the exhaust gas purification 
device according to the first to third aspects, the reduct- 
ant addition during the temperature rise control and the 
rich condition control may be executed, respectively, by 
injection of the reductant a plurality of times. Further- 
more, these injections may be executed such that the 
reductant injection amount per each unit of time for each 
injection is greater for the rich condition control than for 
the temperature rise control, and the injection continu- 
ation duration is shorter for the rich condition control 



than for the temperature rise control. 
[0027] By varying the reductant addition method in 
these ways during the temperature rise control and the 
rich condition control, it is possible to rapidly raise the 
5 temperature of the NOx absorbent during the tempera- 
ture rise control, and efficiently change the air-fuel ratio 
of the inflowing exhaust gas to the substantially stoichi- 
ometric or the rich condition, during the rich condition 
control. As a result, it is possible to reduce the time taken 
10 for the S poisoning regeneration, and suppress deteri- 
oration of emissions and worsening fuel consumption. 
[0028] In the exhaust gas purification device accord- 
ing to the first to third aspects, during the rich condition 
control, it is possible to execute the temperature rise 
15 control once again if the temperature of the NOx absorb- 
ent subject to the S poisoning regeneration control be- 
comes lower than the predetermined temperature. 
[0029] As a result, even if the temperature of the NOx 
absorbent falls once, S poisoning regeneration control 
20 can be executed once again, starting from the temper- 
ature rise control. As a result, it is possible to reliably 
achieve a predetermined level of S poisoning regener- 
ation. 



[0030] The foregoing and further objects, features 
and advantages of the invention will occur from the fol- 
lowing description of preferred embodiments with refer- 
30 ence to the accompanying drawings, wherein like nu- 
merals are used to represent like elements and wherein: 

FIG. 1 shows an exhaust gas purification device ac- 
cording to the invention which has been applied to 
35 a diesel engine; 

FIG. 2 is an explanatory diagram showing the ex- 
haust gas purification device according to a first em- 
bodiment of the invention; 

FIG. 3 is an enlarged cross sectional view of a NOx 
40 absorbent supported by a particulate filter; 

FIGS 4A and 4B are explanatory diagrams of a NOx 
absorption-discharge action and a NOx reduction- 
purification action; 

FIG. 5 is a flow chart showing a control routine for 
45 s poisoning regeneration control of the NOx ab- 
sorbent according to the first embodiment; 
FIG. 6 is an explanatory diagram showing an ex- 
haust gas purification device according to a second 
embodiment of the invention; 
50 FIG. 7 is a flow chart showing a control routine for 
S poisoning regeneration control of a NOx absorb- 
ent according to the second embodiment; 
FIG. 8 is a graph showing an example of the S poi- 
soning regeneration control according to the sec- 
55 ond embodiment, which illustrates changes over 
time of the NOx absorbent which is subject to S poi- 
soning regeneration control, with respect to: an air- 
fuel ratio of exhaust gas flowing into the subject 
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NOx absorbent; a temperature of the subject NOx 
absorbent; a concentration of desorped SOx; and, 
a flow rate (a regulating valve position) of the ex- 
haust gas flowing to the subject NOx absorbent; 
FIG. 9A is an schematic explanatory view of an ex- 5 
terior appearance of an exhaust gas purification de- 
vice according to a third embodiment as viewed 
from above; 

FIG. 9B is a schematic explanatory view showing 
an exterior appearance of the exhaust gas purifica- 10 
tion device according to the third embodiment as 
viewed from a side; 

FIG. 10A is an explanatory figure showing a cross 
section of the exhaust gas purification device ac- 
cording to the third embodiment as viewed from 15 
above, and shows flows of exhaust gas when a pas- 
sage switching valve is located in a first position; 
FIG. 1 0B is an explanatory figure showing the cross 
section of the exhaust gas purification device ac- 
cording to the third embodiment as viewed from the 20 
side, and shows the flows of the exhaust gas when 
the passage switching valve is located in the first 
position; 

FIG. 11 is an explanatory figure showing the cross 
section of the exhaust gas purification device ac- 25 
cording to the third embodiment as viewed from 
above, and shows the flows of the exhaust gas 
when the passage switching valve is located in a 
second position; 

FIG. 12 is an explanatory figure showing the cross 30 
section of the exhaust gas purification device ac- 
cording to the third embodiment as viewed from 
above, and shows the flows of the exhaust gas 
when the passage switching valve is located in a 
third position; 35 
FIG. 13A is a graph showing temperature rises of 
the NOx absorbent with respect to each position 
thereof (an upstream side position, a central posi- 
tion, and a downstream side position with respect 
to the flow of exhaust gas) when the passage 40 
switching valve is in a substantially central position 
(substantially the third position), according to the 
third embodiment; 

FIG. 1 3B is a graph showing temperature rise of the 
NOx absorbent with respect to each position thereof 45 
(an upstream side position, a central position, and 
a downstream side position with respect to the flow 
of exhaust gas) when the passage switching valve 
is in a downstream position (the first position), ac- 
cording to the third embodiment; and 50 
FIG. 1 4 is a graph showing an example of the S poi- 
soning regeneration control according to the third 
embodiment, which illustrates changes over time of 
the NOx absorbent with respect to a NOx absorbent 
inflow exhaust gas flow rate (the position of the pas- 55 
sage switching valve), a reductant addition pulse, 
and a temperature of the NOx absorbent. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Hereinafter, embodiments of the invention will 
be described with reference to the drawings. It should 
be noted that the invention can be realized using one of 
a NOx absorbent and a NOx adsorbing agent. However, 
hereinafter an explanation will be given for the case of 
the NOx absorbent. 

[0032] FIG. 1 shows an exhaust gas purification de- 
vice according to the invention which has been applied 
to a diesel engine. FIG. 1 shows an engine body 2, an 
intake passage 4, and an exhaust gas passage 6. An 
exhaust gas purification device 10 according to the in- 
vention is provided in the exhaust gas passage 6. The 
exhaust gas purification device 10 disposed in the ex- 
haust gas passage 6 will be described in detail herein- 
after, using the example exhaust gas purification devic- 
es 20, 30 and 40 according to the embodiments. 
[0033] An electronic control unit (hereinafter referred 
to as "ECU") 8 is composed from a known type of digital 
computer connected by a bidirectional bus to a CPU (a 
central processing unit), a RAM (a random access mem- 
ory) a ROM (a read only memory) and an input-output 
port. This ECU 8 executes basic controls of the engine 
such as controlling a fuel injection amount by exchang- 
ing signals with the engine body 2. As well as this, the 
ECU 8 executes, as will be described hereinafter for 
each embodiment according to the invention, the ex- 
change of signals between the ECU 8 and each com- 
ponent element of an exhaust gas purification device. 
The ECU 8 also executes controls such as S poisoning 
regeneration control of a NOx absorbent of the exhaust 
gas purification device. 

[0034] FIG. 2 is an explanatory diagram which sche- 
matically shows a configuration of the exhaust gas pu- 
rification device 20 according a first embodiment of the 
invention. This exhaust gas purification device 20 is in- 
stalled in a portion of the exhaust gas purification device 
10 shown in FIG. 1 and forms a section of the exhaust 
gas passage 6. The flow of exhaust gas within the ex- 
haust gas purification device 20 is shown. 
[0035] As shown in FIG. 2, the exhaust gas purifica- 
tion device 20 includes a main passage 1 6 having a par- 
ticulate filter(hereafter filter) 14 which is means for re- 
moving exhaust particulate matter within the exhaust 
gas, and a by-pass passage 1 8 which diverges from the 
main passage 16 on an upstream side of the filter 14 
and converges with the main passage 16 on a down- 
stream side of the filter 14. As previously described, a 
NOx absorbent 12 is supported on the filter 14. 
[0036] A regulation portion 22 is provided at a con- 
verge portion of the main passage 16 and the by-pass 
passage 1 8 on the downstream side of the filter 1 4. This 
regulation portion 22 regulates the flow rates of the ex- 
haust gas flowing in the main passage 16 and the by- 
pass passage 18, respectively. The regulation portion 
22 is provided with a regulation valve 24 and a driving 
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portion 26 which drives the regulation valve 24. The reg- 
ulation valve 24 is driven between a first position (shown 
by the solid line in FIG. 2) at which no exhaust gas flows 
in the by-pass passage 18, and a second position 
(shown by the dashed line in FIG. 2) at which no exhaust 
gas flows in the main passage 1 6. The regulation portion 
22 regulates the flow rates of the exhaust gas flowing in 
the main passage 16 and the by-pass passage 18, re- 
spectively. Normally, however, the regulation valve 24 
is located in the first position such that all of the exhaust 
gas flows along the main passage 16 and passes 
through the filter 14. 

[0037] In addition, a reductant addition portion is pro- 
vided upstream of the filter 1 4 of the main passage 1 6. 
This reductant addition portion is for addition of reduct- 
ant into the main passage 1 6 when the S poisoning re- 
generation control, and the like, of the NOx absorbent 
1 2 is executed, as will be described later. The reductant 
addition portion includes a reductant injection nozzle 32 
and a reductant supply pump (not shown). The ECU 8 
controls the addition of the reductant, supplied from the 
reductant supply pump, into the main passage 1 6 using 
the reductant injection nozzle 32. The reductant is add- 
ed in an appropriate manner in accordance with control 
stages, and the like, of which a more detailed description 
will be given later. It should be noted that, in this embod- 
iment, a diesel oil that is the fuel for the engine body 2 
is used as the reductant, in order to avoid complications 
which occur when storing and replenishing the reduct- 
ant, and the like. 

[0038] The regulation portion 22 and the reductant ad- 
dition portion are controlled by the ECU 8. More partic- 
ularly, the ECU 8 is connected to the driving portion 26 
of the regulation portion 22, and controls a regulation 
operation of the regulation valve 24 by controlling the 
driving portion 26. In addition, the ECU 8 is connected 
to the reductant injection nozzle 32 of the reductant ad- 
dition portion, and controls a reductant addition opera- 
tion of the reductant injection nozzle 32 by controlling 
the reductant injection nozzle 32. 
[0039] Furthermore, in this embodiment, in the filter 
14 which supports the NOx absorbent 12, a temperature 
sensor 34 is provided. This temperature sensor 34 is 
temperature estimation means for measuring a temper- 
ature of the NOx absorbent 1 2. The temperature sensor 
34 is connected to the ECU 8. When a measurement 
result of the temperature sensor 34 is received by the 
ECU 8, the ECU 8 determines an amount of reductant 
to be added for the S poisoning regeneration control of 
the NOx absorbent, based upon the received measure- 
ment result. The ECU 8 also controls the reductant ad- 
dition operation of the reductant injection nozzle 32. In 
addition, in this embodiment in particular, the tempera- 
ture sensor 34 is provide such that it measures the tem- 
perature at the downstream side end portion of the NOx 
absorbent 12. This is because the temperature of the 
NOx absorbent 12 generally reaches its highest value 
at this downstream side end (an explanation will be giv- 



en hereinafter with reference to FIG. 13 related to a third 
embodiment). As a result, if the temperature of the NOx 
absorbent 12 at this point is monitored, it is possible to 
prevent deterioration of the NOx absorbent 12 caused 
5 by a temperature rise more than necessary of the entire 
NOx absorbent 12. 

[0040] Furthermore, in this embodiment, the temper- 
ature sensor 34 is provided in direct connection with the 
filter 1 4 supporting the NOx absorbent 1 2. However, the 

10 temperature sensor 34 may be provided at the down- 
stream side of the filter 14 supporting the NOx absorbent 
12, such that it obtains the temperature of the NOx ab- 
sorbent 12 by means such as estimating, and the like, 
the temperature (in particular the temperature at the 

15 downstream side edge) of the NOx absorbent 1 2, by es- 
timating the temperature of the exhaust gas. 
[0041] FIG. 3 shows an expanded cross sectional 
view of the filter 14. As can be seen from FIG. 3, the 
filter 14 is formed from a porous ceramic. The exhaust 

20 gas flows from the left to the right side of the figure, as 
indicated by the arrows. The filter 14 has a honeycomb 
structure having first passages 38 provided with plugs 
36 at the upstream side. The first passages 38 are mu- 
tually interleaved with second passages 44 provided 

25 with plugs 42 at the downstream side. As the exhaust 
gas flows from the left to the right side of the figure, it 
flows from the second passages 44 into the first pas- 
sages 38 by passing through the porous ceramic of the 
partition walls, and then flows to the downstream side. 

30 At this time, exhaust particulate matter (particulate) 
within the exhaust gas is retained by the porous ceram- 
ic, thus removing the particulate matter from the exhaust 
gas and inhibiting its discharge into the atmosphere. 
[0042] The NOx absorbent 12 is supported on the 

35 pores within the partition walls of the first passages 38 
and the second passages 44. The NOx absorbent 12 is 
composed from at least one of an alkali metal, for ex- 
ample, kalium K, sodium Na, lithium Li or cesium CS, 
an alkali earth such as barium Ba or calcium Ca, or a 

40 rare earth such as lanthanum La or yttrium Y, and a pre- 
cious metal such as platinum Pt. The NOx absorbent 12 
absorbs NOx when the air-fuel ratio of the inflowing ex- 
haust gas is lean. Hereinafter, the exhaust which flows 
to the NOx absorbent will be referred to as the "NOx 

45 absorbent inflow exhaust gas". The NOx absorbent 12 
also discharges absorbed NOx when the air-fuel ratio of 
the NOx absorbent inflow exhaust gas becomes richer, 
and conducts reduction-purification of this NOx (using 
a NOx absorption-discharge action and a NOx reduc- 

50 tion-purification action). 

[0043] As this embodiment uses a diesel engine, the 
air-fuel ratio of the exhaust gas at normal times is lean, 
and thus the NOx absorbent 12 executes absorption of 
the NOx within the exhaust gas. In addition, if the air- 

55 fuel ratio of the NOx absorbent inflow exhaust gas is 
made richer due to reductant being supplied from the 
reductant addition portion to the exhaust gas passage 
on the upstream side of the filter 14 , the NOx absorbent 
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12 discharges the absorbed NOx and executes reduc- 
tion-purification of the discharged NOx. 
[0044] With regard to the precise details of the mech- 
anism involved in the absorption-discharge action and 
the reduction-purification action, there are some parts 
of the mechanisms that are not fully clear. However, it 
is presumed that the absorption-discharge action and 
the reduction-purification action are performed utilizing 
the mechanism shown in FIG. 4. Hereinafter, an expla- 
nation of this mechanism when supported by platinum 
Pt and barium Ba will be presented, but this is merely 
an example. The same mechanism could be realized 
using another precious metal and another alkali metal, 
alkali-earth or rare earth. 

[0045] When the air-fuel ratio of the NOx absorbent 
inflow exhaust gas becomes relatively lean, the oxygen 
concentration within the NOx absorbent inflow exhaust 
gas increases significantly. Thus, oxygen 0 2 adheres to 
the surface of the platinum Pt in the form of 0 2 _ or O 2- , 
as shown in FIG. 4A. On the other hand, the NO within 
the NOx absorbent inflow exhaust gas reacts with the 
0 2 " or O 2 " on the surface of the platinum Pt, and be- 
comes N0 2 (2NO + 0 2 -» 2N0 2 ). Following this, a por- 
tion of the formed N0 2 continues to be further oxidized 
on the surface of the platinum Pt. The N0 2 is absorbed 
within the NOx absorbent 12, and while bonding with the 
barium oxide BaO is defused within the NOx absorbent 
12 in the form of nitrate ions N0 3 ', as shown in FIG. 4A. 
In this manner, NOx is absorbed within the NOx absorb- 
ent. 

[0046] As long as the oxygen concentration within the 
NOx absorbent inflow exhaust gas is high, N0 2 is 
formed on the surface of the platinum Pt. Furthermore, 
so long as the NOx absorption capacity of the NOx ab- 
sorbent 12 is not saturated, N0 2 is absorbed within the 
NOx absorbent 12 and nitrate ions N0 3 " are formed. In 
contrast to this, when the oxygen concentration within 
the NOx absorbent inflow exhaust gas falls, there is a 
reduction in the amount of N0 2 formed. Accordingly, the 
reaction proceeds in the reverse direction (N0 3 - 
N0 2 ). In this way, the N0 3 - within the NOx absorbent 
1 2, is discharged from the NOx absorbent 1 2 in the form 
of N0 2 . In other words, when the oxygen concentration 
within the NOx absorbent inflow exhaust gas falls, NOx 
is discharged from the NOx absorbent 12. Furthermore, 
if the air-fuel ratio of the NOx absorbent inflow exhaust 
gas becomes leaner, the oxygen concentration within 
the NOx absorbent inflow exhaust gas falls. Accordingly, 
if the NOx absorbent inflow exhaust gas is made leaner, 
NOx is discharged from the NOx absorbent 12. 
[0047] On the other hand, if the air-fuel ratio of the 
NOx absorbent inflow exhaust gas at this time is made 
richer, HC and CO react with the oxygen 0 2 ~ or O 2- on 
the surface of the platinum Pt and are oxidized. In addi- 
tion, if the air-fuel ratio of the NOx absorbent inflow ex- 
haust gas is made richer, the oxygen concentration with- 
in the NOx absorbent inflow exhaust gas falls, and thus 
N0 2 is discharged from the NOx absorbent 1 2. This N0 2 



reacts with unburned HC and CO, and is thus reduced 
and purified, as shown in FIG. 4B. If the N0 2 present on 
the surface of the platinum Pt completely disappears in 
this manner, the N0 2 within the NOx absorbent 12 is 
5 successively discharged. Accordingly, if the air-fuel ratio 
of the NOx absorbent inflow exhaust gas is made richer, 
the NOx is discharged from the NOx absorbent 12 and 
reduced and purified in a short period of time. 
[0048] The air-fuel ratio of exhaust gas which has 
10 been mentioned, indicates the ratio of the air and the 
fuel supplied to the exhaust gas passage 6 on the up- 
stream side of the NOx absorbent 12 and the engine 
combustion chamber, or the intake passage. According- 
ly, when the air or the reductant are not supplied to the 
15 exhaust gas passage 6, the air-fuel ratio becomes equal 
to the operating air-fuel ratio of the engine (the combus- 
tion air-fuel ratio of the engine combustion chamber). In 
addition, a substance which generates reduction com- 
ponents for reducing hydrocarbons and carbon monox- 
20 ide may be used as the reductant according to the in- 
vention. For example, gases such as hydrogen and car- 
bon monoxide, gases or liquids such as propane, pro- 
pylene and butane, or liquid fuels such as liquid hydro- 
carbons, gasoline, diesel oil and kerosene, may be 
25 used. However, as described previously, in this embod- 
iment diesel oil, which is the fuel of the engine body 2, 
is adopted as the reductant in order to avoid complica- 
tions related to storage and replenishment. 
[0049] Next, the S poisoning regeneration mecha- 
30 nism of the NOx absorbent 1 2 will be explained. If SOx 
components are contained within the exhaust gas, the 
NOx absorbent 1 2 absorbs the SOx by the same mech- 
anism, described previously, as is used for the absorp- 
tion of NOx. In other words, when the air-fuel ratio of the 
35 exhaust gas is lean, the SOx with the exhaust gas (for 
example, S0 2 ) is oxidized on the surface of the platinum 
Pt, becomes S0 3 _ , S0 4 _ , bonds with the barium oxide 
BaO and forms BaS0 4 . BaS0 4 is comparatively stable, 
and, in addition, is difficult to decompose and discharge 
40 once it has been formed, due to having crystals which 
are easily made bulkier. As a result, if the generated 
amount of BaS0 4 in the NOx absorbent 12 increases, 
the amount of BaO which can be utilized for the absorp- 
tion of NOx decreases, and NOx absorption capacity re- 
45 duces. This phenomenon is known as S poisoning. 
[0050] In order to solve this S poisoning problem, it is 
necessary to; decompose the BaS0 4 generated in the 
NOx absorbent 1 2 at high temperature; change the S0 3 _ 
and S0 4 _ nitrate ions generated by this decomposition 
50 to gaseous S0 2 by reducing them under one of a sub- 
stantially stoichiometric condition and a rich condition, 
which includes a slightly lean condition, (hereinafter all 
of these conditions will simply be referred to as "rich con- 
dition"); and discharge this S0 2 gas from the NOx ab- 
55 sorbent 1 2. Accordingly, in order to solve the S poison- 
ing problem, it is necessary to place the NOx absorbent 
1 2 into a state where the temperature is high and a rich 
condition exists. 
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[0051] Next, the operation of the embodiment will be 
explained with reference to FIG. 5. FIG. 5 is a flow chart 
showing a control routine for the S poisoning regenera- 
tion control of the NOx absorbent according to this em- 
bodiment. This control routine is the same as that used 
for the third embodiment that will be described later, and 
also has sections which are the same as the control rou- 
tine used by a second embodiment. As a result, the ex- 
planation of the control routine for the S poisoning re- 
generation control which will be given hereinafter, also 
applies to the other embodiments. Furthermore, the S 
poisoning regeneration control according to the inven- 
tion includes, as will be described, temperature rise con- 
trol and rich condition control. This control routine is ex- 
ecuted by the ECU 8 using an interrupt at constant in- 
tervals. 

[0052] Furthermore, within the explanation of this em- 
bodiment, a detailed explanation of only the S poisoning 
regeneration control will be presented. However, dis- 
charge of NOx from the NOx absorbent 12 may be ex- 
ecuted according to a known method for NOx discharge 
control, either prior to or after the S poisoning regener- 
ation control. This holds true for all of the embodiments 
according to the invention, that will be described later. 
The NOx discharge control is executed, for example, 
when the temperature of the NOx absorbent 1 2 is equal 
to or above a NOx discharge temperature, by driving the 
regulation valve 24 toward the second position. This re- 
duces the NOx absorbent inflow exhaust gas flow rate. 
Furthermore, control is executed such that reduction 
agent is added into the main passage 1 6 by the reduct- 
ant injection nozzle 32 of the reductant addition portion. 
As a result, the air-fuel ratio of the exhaust gas becomes 
richer. 

[0053] As shown by FIG. 5, first, in step S100, it is 
determined whether an execution condition for the S 
poisoning regeneration control of the NOx absorbent 12 
has been established. The S poisoning regeneration 
control execution condition is, for example, that the 
amount of SOx absorbed in the NOx absorbent 12, 
namely, the absorbed SOx amount, has become equal 
to or more than a predetermined amount. However, in 
this case, it is difficult to directly derive the absorbed 
SOx amount. Thus, the absorbed SOx amount is esti- 
mated based on the amount of SOx discharged from the 
engine, or in other words, from the running distance of 
the vehicle. Namely, when the running distance since 
the time when the S poisoning regeneration control was 
last executed exceeds a predetermined set value, it is 
determined that the execution condition for S poisoning 
regeneration control has been established. 
[0054] If it is determined in step S1 00 that the execu- 
tion condition for S poisoning regeneration control has 
not been established, the control routine ends. Howev- 
er, if it is determined that the execution condition has 
been established, the control routine proceeds to step 
S1 02. In step S1 02, the temperature TF of the NOx ab- 
sorbent 12 (the filter 14 ) is measured, and compared 



with a sulfur content discharge temperature TS which is 
predetermined. In this embodiment, the temperature 
sensor 34 provided in the filter 14 supporting the NOx 
absorbent 12 measures the temperature TF. However, 
5 as previously described, the temperature TF of the NOx 
absorbent 12 may be calculated by means such as es- 
timating, and the like, the temperature of the NOx ab- 
sorbent 12, by measuring the temperature of the ex- 
haust gas using the temperature sensor 34 provided at 
10 the downstream side of the filter 1 4 supporting the NOx 
absorbent 1 2. More particularly, a temperature TF of the 
NOx absorbent 12 prior to a start of temperature rise, 
may be calculated, for example, based on an operating 
condition of the engine. In order to achieve this, first, a 
15 map is prepared in advance which shows the tempera- 
ture TF of the NOx absorbent 1 2 as a function of an en- 
gine load Q/N (an intake air amount Q/an engine speed 
N) and an engine speed N. It is then possible to calculate 
the temperature TF from the engine load Q/N and the 
20 engine speed N, based on the map. In this case, the 
map is stored in advance in the ROM of the ECU 8. 
[0055] If it is determined as a result of the comparison 
of step S102 that the temperature TF is equal to or 
above the sulfur component discharge temperature TS, 
25 the control routine proceeds to step S110, and the rich 
condition control is initiated. On the other hand, if it is 
determined that the temperature TF is less than the sul- 
fur component discharge temperature TS, then the con- 
trol routine proceeds to step S1 04, and the temperature 
30 rise control is initiated. 

[0056] In step S1 04 the difference between the sulfur 
component discharge temperature TS and the temper- 
ature TF, or in other words, a necessary temperature 
rise TD is derived. Next, in step S106, a reductant ad- 
35 dition amount which is in accordance with the necessary 
temperature rise TD is determined. The determination 
of the reductant addition amount is executed in accord- 
ance with data. This data, which is stored on the ROM 
of the ECU 8, is calculated in advance through experi- 
40 mentation and shows the relationship of the extent of 
temperature rise with respect to reductant addition 
amount, for various operating conditions related to the 
exhaust gas purification device 20 according to the em- 
bodiment. Generally, as the necessary temperature rise 
45 TD increases, the amount of reductant which needs to 
be added also increases. 

[0057] It should be noted that, in the aforementioned 
determination of the reductant addition amount, it is not 
necessary to determine the reductant addition amount 
50 such that the temperature rise for reaching the sulfur 
component discharge temperature TS is achieved by a 
single addition. For example, when there is considera- 
ble difference between the temperature TF and the sul- 
fur component discharge temperature TS, namely, in 
55 cases such as when there is a temperature difference 
which is greater than a predetermined maximum tem- 
perature difference, a predetermined maximum addition 
amount may be added. In this case, as will described 
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hereinafter, the temperature TF is measured once again 
following the addition of this maximum amount of reduct- 
ant. Next, the reductant amount which is in accordance 
with the smaller temperature difference between the 
new temperature TF and the sulfur component dis- 
charge temperature TS is determined, and this amount 
of reductant is added. By executing determination in this 
manner, it is possible to conduct more precise temper- 
ature control, and suppress deterioration of the NOx ab- 
sorbent caused by unexpected increases in the temper- 
ature TF of the NOx absorbent. 

[0058] Following the determination of the reductant 
addition amount, the control routine proceeds to step 
S108. In step S108, the NOx absorbent inflow exhaust 
gas flow rate is regulated and the amount of the reduct- 
ant determined in step S106 is added. The aforemen- 
tioned regulation of the NOx absorbent inflow exhaust 
gas flow rate is executed such that, the regulation valve 
24 is regulated by the driving portion 26 so as to supply 
sufficient oxygen for combustion of the reductant added 
for raising the temperature of the NOx absorbent 1 2. As 
a result of this, the added reductant is rapidly combust- 
ed, and it is possible to quickly raise the temperature of 
the NOx absorbent 12. 

[0059] The NOx absorbent inflow exhaust gas flow 
rate at this time is a rate which supplies sufficient oxygen 
for combustion of the added reductant. Accordingly, the 
NOx absorbent inflow exhaust gas flow rate is generally 
larger than the NOx absorbent inflow exhaust gas flow 
rate when executing the aforementioned rich condition 
control. During this rich condition control the air-fuel ra- 
tio of the NOx absorbent inflow exhaust gas is changed 
to a substantially stoichiometric condition or a rich con- 
dition, using a small reductant addition amount. For ex- 
ample, the regulation valve 24 may be located in the first 
position such that all of the discharged exhaust gas from 
the engine body 2 flows to the NOx absorbent 12 (the 
filter 1 4 ). Alternatively, there are other cases, for exam- 
ple, the case of high load operation, where if the flow 
rate of the exhaust gas discharged from the engine body 
2 is great and all of this exhaust gas is fed to the NOx 
absorbent 12, the heat quantity removed from the NOx 
absorbent 12 is substantial, due to the flow velocity of 
the exhaust gas passing through the NOx absorbent 12 
being high. This is unfavorable from the point of view of 
rapidly executing the temperature rise of the NOx ab- 
sorbent 12. In this type of case, the position of the reg- 
ulation valve 24 is regulated such that only a portion of 
the exhaust gas discharged from the engine body 2 is 
fed to the NOx absorbent 12. 

[0060] Moreover, the addition of reductant (namely, 
the addition of reductant which occurs during tempera- 
ture rise control) using the reductant injection nozzle 32 
of the reductant addition portion in step S1 08, is execut- 
ed so as to maintain a lean condition of the average air- 
fuel ratio of the NOx absorbent inflow exhaust gas. As 
a result, sufficient oxygen for combustion of the added 
reductant is present. Thus it is possible to quickly in- 



crease the temperature of the NOx absorbent 1 2 due to 
the rapid combustion of the added reductant. Further- 
more, the amount of reductant added at this time is in 
accordance with the necessary temperature rise TD. 
5 Accordingly, the temperature TF of the NOx absorbent 
12 does not rise more than necessary, which prevents 
the temperature of the NOx absorbent 1 2 from reaching 
a temperature at which deterioration of the NOx absorb- 
ent 12 occurs. 

[0061] The following methods, and the like, are pro- 
posed for maintaining the aforementioned lean condi- 
tion of the average air-fuel ratio of the NOx absorbent 
inflow exhaust gas. For example, reductant addition 
may be executed by repeating an injection of reductant 
a plurality of times. The reduction agent addition may 
be executed such that, as compared to the reductant 
addition that occurs in the aforementioned rich condition 
control; the injection continuation duration is shorter and 
the injection frequency is higher; the injection amount 
per unit of time is smaller while the injection frequency 
is higher; or, the injection amount per unit of time is 
smaller while the injection continuation duration is long- 
er. More specifically, the injection continuation duration, 
the injection frequency and the injection amount per unit 
of time vary depending on the NOx absorbent inflow ex- 
haust gas flow rate. However, for example, there are 
times when reductant addition is executed at about 
10ms per every 2sec for the temperature rise control, 
and on the other hand, at about 200ms per every 30sec 
for the rich condition control. 

[0062] In addition, the regulation of the NOx absorb- 
ent inflow exhaust gas flow rate in step S108 may be 
executed according to the reductant addition amount 
per each unit of time. Namely, when the NOx absorbent 
inflow exhaust gas flow rate is relatively high, it is pos- 
sible to easily maintain the lean condition of the average 
air-fuel ratio of the NOx absorbent inflow exhaust gas 
with respect to the addition of reductant. However, as 
previously described, since the flow velocity of the ex- 
haust gas passing through the NOx absorbent 12 is 
high, the heat quantity removed from the NOx absorbent 
12 is substantial. As a result, a state which is unfavora- 
ble from the point of view of executing rapid temperature 
rise of the NOx absorbent 12 is generated. In addition, 
in some cases, when the NOx absorbent inflow exhaust 
gas flow rate is relatively high, some of the added re- 
ductant adheres to the NOx absorbent 12, with being 
reacted with, and thus so-called HC (hydrocarbon) poi- 
soning occurs. 

[0063] These kinds of problems can be prevented by 
calculating, using prior experiments, or the like, an op- 
timal NOx absorbent inflow exhaust gas flow rate in ac- 
cordance with the reductant addition amount per each 
unit of time, and by executing a control. While making 
such calculations, the speed of the temperature rise and 
preventing HC poisoning is taken into consideration. 
The control is then executed such that the actual NOx 
absorbent inflow exhaust gas flow rate according to the 
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reductant addition amount per each unit of time during 
actual reductant addition, becomes equal to the optimal 
NOx absorbent inflow exhaust gas flow rate. By execut- 
ing this control, S poisoning is prevented. In this case, 
the optimal NOx absorbent inflow exhaust gas flow rate 
according with the reductant addition amount per unit of 
time, is stored on the ROM of the ECU 8 in advance. In 
addition, it is necessary to regulate the position of the 
regulation valve 24 such that the NOx absorbent inflow 
exhaust gas flow rate becomes equal to the predeter- 
mined optimal NOx absorbent inflow exhaust gas flow 
rate. This can be executed in the following manner. 
[0064] The total amount of exhaust gas from the en- 
gine becomes larger as the engine load Q/N becomes 
larger and as the engine speed N become larger. If the 
total exhaust gas flow rate is calculated in advance as 
a function of the engine load Q/N and the engine speed 
N, it is possible to calculate the total exhaust gas flow 
rate for a predetermined engine operation state based 
on this function. Furthermore, in the case of each ex- 
haust gas amount, it is possible to derive through exper- 
iments or calculation the flow rate of the exhaust gas 
flowing in the main passage 16 for each position of the 
regulation valve 24. In other words, it is possible to de- 
rive the NOx absorbent inflow exhaust gas flow rate. 
[0065] Accordingly, both the total exhaust gas flow 
rate as a function of each engine load Q/N and engine 
speed N, and the NOx absorbent inflow exhaust gas 
flow rate as a function of total exhaust gas flow rate and 
regulation valve position are calculated. Both of these 
functions are stored on the ROM of the ECU 8. As a 
result, it is possible to determine the position of the reg- 
ulation valve 24 so as to attain a desired NOx absorbent 
inflow exhaust gas flow rate in accordance with each 
operating condition. Furthermore, it is possible to regu- 
late the position of the regulation valve 24 such that it is 
driven to the appropriate position, by controlling the driv- 
ing portion 26. Alternatively, according to other embod- 
iments, a flow velocity sensor may be assembled to the 
inflow edge of the NOx absorbent 1 2 (the filter 1 4 ). This 
sensor is used to measure and monitor the flow velocity. 
The flow rate is then estimated based on this measured 
value, and the position of the regulation valve 24 is reg- 
ulated using feedback control such that a desired NOx 
absorbent inflow exhaust gas flow rate is attained. 
[0066] If both regulation of the NOx absorbent inflow 
exhaustgasflow rate and addition of the reduction agent 
are executed in step S1 08, the control routine returns to 
step S102, and the temperature of the NOx absorbent 
1 2 is measured once again and compared with the sulfur 
component discharge temperature TS. If, at this point, 
it is determined that the temperature TF is still less than 
the sulfur component discharge temperature TS, the 
control routine proceeds to step S104 and the afore- 
mentioned temperature rise control is repeated. On the 
other hand, if it is determined that the temperature TF 
is equal to or above the sulfur discharge temperature 
TS, the control routine proceeds to step S110, and rich 



condition control is initiated. 

[0067] When rich condition control is initiated, first, in 
step S110, the reduction of the NOx absorbent inflow 
exhaust gas flow rate is executed. Accordingly, there is 

5 a reduction in the amount of reductant which needs to 
be added in order to change the air-fuel ratio of the NOx 
absorbent inflow exhaust gas to a substantially stoichi- 
ometric or rich condition. As a result, deterioration in fuel 
consumption and worsening of emissions is sup- 

10 pressed. This reduction of the NOx absorbent inflow ex- 
haust gas flow rate is executed by driving the regulation 
valve 24 using the driving portion 26 to the second po- 
sition side, which results in the NOx absorbent inflow 
exhaust gas flow rate becoming, at least, less than the 

15 NOx absorbent inflow exhaust gas flow rate at the time 
of the aforementioned temperature rise control. 
[0068] Next, the addition of reductant is executed in 
step S112. The reductant addition that occurs in step 
S1 1 2 (namely the addition of reductant during rich con- 

20 dition control), is executed by the reductant injection 
nozzle 32 of the reductant addition portion such that the 
air-fuel ratio of the NOx absorbent inflow exhaust gas 
becomes richer. In other words, when the addition of re- 
ductant is executed, at least, the air-fuel ratio of the NOx 

25 absorbent inflow exhaust gas is changed to the substan- 
tially stoichiometric condition or the rich condition. Fur- 
thermore, the temperature TF is kept below a predeter- 
mined temperature at which the NOx absorbent 12 de- 
teriorates. When the air-fuel ratio of the NOx absorbent 

30 inflow exhaust gas becomes richer as a result, SOx (sul- 
fur components) are discharged from the NOx absorb- 
ent 12. 

[0069] For the aforementioned reductant addition 
method, the following methods are proposed. For exam- 

35 pie, the reductant addition may be executed by repeat- 
ing an injection of reductant a plurality of times. The re- 
ductant addition may be executed such that, as com- 
pared to the reductant addition that occurs in the afore- 
mentioned temperature rise control; the injection con- 

40 tinuation duration is longer and the injection frequency 
is lower; the injection amount per unit of time is larger 
while the injection frequency is lower; or, the injection 
amount per unit of time is larger while the injection con- 
tinuation duration is shorter. As a result, a comparatively 

45 large amount of reductant is added in a short time peri- 
od, and the air-fuel ratio of the NOx absorbent inflow 
exhaust gas becomes richer. In addition, the reason for 
intermittently injecting reductant is to keep the temper- 
ature TF from reaching the predetermined temperature 

50 at which the NOx absorbent 12 deteriorates. Further- 
more, the reductant addition method may be regulated 
by monitoring the temperature TF during the reductant 
addition in advance, such that the temperature TF does 
not reach the predetermined temperature at which the 

55 NOx absorbent 1 2 deteriorates. 

[0070] Following the beginning of reductant addition, 
in the next step S1 1 4, a value of a counter CS showing 
the rich condition control execution time, namely, the 
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time period for which the sulfur component discharge 
action has been executed, increases by an increment 
of one. Next, it is determined in step S1 1 6 whether the 
value of the counter CS is larger than a constant value 
CS1 , in other words, whether the sulfur component dis- 
charge action has been executed for a predetermined 
time period sufficient to discharge the absorbed SOx. In 
this case, if it is determined that CS < CS1 , namely, that 
the sulfur component discharge action has not yet been 
executed for the predetermined time period, the control 
routine proceeds to step S118. In step S118, the tem- 
perature TF is compared once again with the predeter- 
mined sulfur component discharge temperature TS. If 
the temperature TF is equal to or above the sulfur com- 
ponent discharge temperature TS, the control routine 
returns to the rich condition control of step S112, and 
continues with the reductant addition and rich condition 
control. On the other hand, if the temperature TF is less 
than the sulfur component discharge temperature TS, 
the control routine returns to the temperature rise control 
of step S1 04. The temperature rise control is re-initiated 
and the subsequent processing is executed. If it is de- 
termined in step S11 6 that CS > CS1 , namely, that the 
sulfur component discharge action has been executed 
for the predetermined time period, the control routine 
proceeds to step S1 20. In step S1 20, the counter is reset 
and the rich condition control and the S poisoning re- 
generation control are completed at the same time. 
[0071] As described above, according to this embod- 
iment, it is possible to reduce the time taken for S poi- 
soning regeneration and suppress worsening emissions 
and deterioration in fuel consumption. This is achieved 
by varying both the subject NOx absorbent 1 2 inflow ex- 
haust gas flow rate, and the method of adding the re- 
ductant, during the temperature rise control and the rich 
condition control of the S poisoning regeneration con- 
trol. Alternatively, the flow rate of the exhaust gas flow- 
ing to the NOx absorbent 12 may be changed such that 
it is higher during the execution of the rich condition con- 
trol means than during the execution of the temperature 
rise control means. 

[0072] In addition, according to this embodiment, a 
passage which by-passes the NOx absorbent is used to 
regulate the flow rate of the exhaust gas flowing to the 
NOx absorbent. As a result, it is not necessary to sub- 
stantially restrict the total amount of exhaust gas dis- 
charged from the internal combustion engine. Accord- 
ingly, it is possible to execute S poisoning regeneration 
control throughout a broad range of engine operating 
ranges. 

[0073] In addition, according to this embodiment, dur- 
ing the temperature rise control of the S poisoning re- 
generation control, the amount of reductant which ac- 
cords with the necessary temperature rise TD is added. 
Furthermore, during the rich condition control of the S 
poisoning regeneration control, the amount of reductant 
which is added is sufficient to cause both the air-fuel ra- 
tio of the NOx absorbent inflow exhaust gas to become 



richer, and to keep the temperature of the NOx absorb- 
ent from reaching a temperature at which NOx absorb- 
ent deterioration occurs. As a result, it is possible to re- 
duce the time taken for S poisoning regeneration, and 
5 suppress worsening of emissions and deterioration in 
fuel consumption. Furthermore, deterioration of the NOx 
absorbent caused by over-heating is also prevented. 
[0074] Next, the second embodiment according to the 
invention will be explained. FIG. 6 is an explanatory di- 
10 agram showing the structure of the exhaust gas purifi- 
cation device 30 according to the second embodiment 
of the invention. The flows of exhaust gas within the ex- 
haust gas purification device 30 are shown. 
[0075] This exhaust gas purification device 30 is in- 
15 stalled, like the aforementioned exhaust gas purification 
device 20 according to the first embodiment, in the por- 
tion of the exhaust gas purification device 10 shown in 
FIG. 1. The exhaust gas purification device 30 forms a 
section of the exhaust gas passage 6. As shown in FIG. 
20 6, the exhaust gas purification device 30 includes an up- 
stream side main passage 46 communicating with the 
engine body 2, two branch passages 48 and 52 which 
diverge and then converge, and a downstream side 
main passage 54. 
25 [0076] Filters supporting the absorbing agents 12, 
namely a first and a second filters 56 and 58 are dis- 
posed, respectively, in the first and the second branch 
passages 48 and 52. The structure of these filters 56 
and 58 supporting NOx absorbents 12, is the same as 
30 the structure of the filter 1 4 used in the first embodiment. 
Furthermore, within the following description of the em- 
bodiment, in order to distinguish the NOx absorbents 1 2 
respectively supported by the first and the second filters 
56 and 58, the terms a NOx absorbent 12a and a NOx 
35 absorbent 12b will be used, respectively. 

[0077] A regulation portion 62 is provided at a conver- 
gence portion of the two branch passages 48 and 52 on 
the downstream side of each filter 56 and 58. This reg- 
ulation portion 62 controls the flow rate ratio of the ex- 
40 haust gas flowing in the branch passages 48 and 52. 
The regulation portion 62 is provided with a regulation 
valve 64 and a driving portion 66 for driving the regula- 
tion valve 64. The regulation valve 64 is driven by the 
driving portion 66 between a first position in which the 
45 flow rate of the exhaust gas flowing in the first branch 
passage 48 is low (for example, 1 /9 th of the exhaust gas 
flow rate), and a second position in which the flow rate 
of the exhaust gas flowing in the second branch pas- 
sage 52 is similarly low. Accordingly, the regulation 
50 valve 64 regulates the flows of exhaust gas in each 
branch passage 48 and 52. However, normally, the reg- 
ulation valve 64 is positioned in a third position shown 
in FIG. 6, which is an intermediate position between the 
first position and the second position. With the regula- 
rs tion valve 64 in this position, the flow rate of the exhaust 
gas flowing in the first branch passage 48 and the flow 
rate of the exhaust gas flowing in the second branch 
passage 52 are substantially the same. 
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[0078] In addition, on the upstream side of the filters 
56 and 58 of the branch passages 48 and 52, respec- 
tively, a reductant addition portion is provided for addi- 
tion of a reductant into each branch passage 48 and 52. 
This reductant is used during the aforementioned S poi- 
soning regeneration control of the NOx absorbent. The 
reductant addition portion includes two reductant injec- 
tion nozzles 68 and 72, and a reductant supply pump 
(not shown). The ECU 8 controls the addition of the re- 
ductant, supplied from the reductant supply pump, into 
the first branch passage 48 via the first reductant injec- 
tion nozzle 68, and into the second branch passage 52 
via the second reductant injection nozzle 72. The addi- 
tions are executed in an appropriate manner according 
to respective control steps, and the like. Furthermore, 
as previously described, a substance which generates 
reduction components for reducing the hydrocarbons 
and carbon monoxides, and the like, within the exhaust 
gas, may be used as the reductant. However, in this em- 
bodiment, as in the first embodiment, a diesel oil that is 
the fuel for the engine body 2 is used as the reductant, 
in order to avoid complications which occur when storing 
and replenishing the reductant, and the like. 
[0079] The regulation portion 62 and the reductant ad- 
dition portion are controlled by the ECU 8. More partic- 
ularly, the ECU 8 is connected to the driving portion 66 
of the regulation portion 62, and controls a regulation 
operation of the regulation valve 64 by controlling the 
driving portion 66. In addition, the ECU 8 is connected 
to each reductant injection nozzle 68 and 72 of the re- 
ductant addition portion, Furthermore, the ECU 8 con- 
trols a reductant addition operation of each reductant 
injection nozzle 68 and 72, by controlling the reductant 
injection nozzle 32. 

[0080] Furthermore, according to the second embod- 
iment, in each filter 56 and 58 which support each NOx 
absorbent 12a and 12b, a first and a second tempera- 
ture sensors 74 and 76 are provided. These tempera- 
ture sensors 74 and 76 are temperature estimation 
means for measuring temperatures of each NOx ab- 
sorbent 1 2a and 1 2b on each filter 56 and 58. The tem- 
perature sensors 74 and 76 are connected to the ECU 
8, and send measurement results to the ECU 8. The 
ECU 8 determines an amount of reductant to be added 
for S poisoning regeneration control of each NOx ab- 
sorbent 12a and 12b, based upon the received meas- 
urement result, and also controls the reductant addition 
operation of the reductant injection nozzles 68 and 72. 
[0081] In addition, in this second embodiment, the 
temperature sensors 74 and 76 are provided such that 
they measure the temperature of a downstream side 
end portion of each NOx absorbent 1 2a and 1 2b, for the 
same reason as was described for the first embodiment. 
Furthermore, in the second embodiment as well, each 
temperature sensor 74 and 76 is provided in direct con- 
nection with each filter 56 and 58 supporting each NOx 
absorbent 1 2a and 1 2b. However, as in the first embod- 
iment, each temperature sensor 74 and 76 may be pro- 



vided at the downstream side of each filter 56 and 58 
supporting each NOx absorbent 12a and 12b, so as to 
calculate the temperature of each NOx absorbent 12a 
and 1 2b by means such as estimating, and the like, the 

5 temperature (in particular the temperature at the down- 
stream side edge) of each NOx absorbent 1 2a and 1 2b, 
by measuring the temperature of the exhaust gas. 
[0082] Next, the operation of the second embodiment 
will be described. A control routine for the S poisoning 

10 regeneration control of the NOx absorbent according to 
this embodiment, is the same, for essential sections, as 
the control routine of the first embodiment, shown in 
FIG. 5. However, according to the second embodiment, 
there are NOx absorbents 12 used for the S poisoning 

15 regeneration control in two locations. Accordingly, it is 
necessary to execute the control routine for S poisoning 
regeneration control shown in FIG. 5 twice, in order to 
execute the S poisoning regeneration control of both the 
NOx absorbent 1 2a and the NOx absorbent 1 2b. FIG. 7 

20 shows the control routine for the entire S poisoning re- 
generation control according to this embodiment. This 
control routine is executed by an interrupt at constant 
intervals. 

[0083] FIG. 7 shows a case when S poisoning regen- 
ts eration control is being executed successively with re- 
spect to the first and second NOx absorbents 12a and 
1 2b, when an execution condition for S poisoning regen- 
eration control of the first and second NOx absorbents 
1 2a and 1 2b has been established. The S poisoning re- 
30 generation control execution condition is the same as 
that for the first embodiment. In step S200, it is deter- 
mined whether the determined execution condition for 
the S poisoning regeneration control has been estab- 
lished. For example, it may be determined whether the 
35 running distance of the vehicle since the last time S poi- 
soning regeneration control was executed exceeds a 
predetermined set value. 

[0084] The operation of the essential sections of the 
S poisoning regeneration control executed with respect 

40 to the first and the second NOx absorbents 1 2a and 1 2b 
in step S202 and step S204, is basically the same as 
the operation of step S102 to step S120 of the S poison- 
ing regeneration control according to the first embodi- 
ment which was described with reference to FIG. 5. The 

45 corresponding relationship of elements (for example, 
the reductant injection nozzle 32 and the reductant in- 
jection nozzles 68 and 72, or the temperature sensor 34 
and the temperature sensors 74 and 76) and the oper- 
ation of the regulation valve 64, and the like, are clear 

50 from FIG. 2 and FIG. 6 and the previous description. Ac- 
cordingly, a detailed description will be omitted here. (It 
should be noted that the branch passage in which S poi- 
soning regeneration control is not being executed cor- 
responds to the by-pass passage 18 according to the 

55 first embodiment.) 

[0085] However, according to the second embodi- 
ment, when S poisoning regeneration control is being 
executed with respect to one of the NOx absorbents 
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(hereinafter referred to as the "subject NOx absorbent), 
if the subject NOx absorbent inflow exhaust gas flow 
rate is regulated, then the exhaust gas which by-passes 
the subject NOx absorbent passes through the other 
NOx absorbent without being subjected to S poisoning 
regeneration control. As a result, even when the S poi- 
soning regeneration control is being executed, exhaust 
gas which has not passed through the NOx absorbent 
is prevented from being discharged to the atmosphere. 
[0086] FIG. 8 is a graph showing an example of the S 
poisoning regeneration control according to the second 
embodiment. The graph illustrates changes over time of 
the NOx absorbent which is subject to the S poisoning 
regeneration control, with respect to: an air-fuel ratio of 
exhaust gas flowing into the subject NOx absorbent; a 
temperature of the subject NOx absorbent; a concen- 
tration of discharged SOx; and, a flow rate (a regulating 
valve position) of exhaust gas flowing into the subject 
NOx absorbent. Moreover, it should be noted, that the 
bracketed (Open) and (Shut) in the section of FIG. 8 
which concerns the subject NOx absorbent inflow ex- 
haust gas flow rate, indicate the position of the regula- 
tion valve with respect to the subject NOx absorbent. 
For example, if the subject NOx absorbent is the first 
NOx absorbent 1 2a, the (Open) position corresponds to 
the second position side of the regulation valve 64, and 
the (Closed) position corresponds to the first position 
side of the regulation valve 64. 

[0087] In the example shown in FIG. 8, during tem- 
perature rise control, regulation is executed such that 
the subject NOx absorbent inflow exhaust gas flow rate 
becomes a desired rate. Furthermore, reductant addi- 
tion is also executed and a change between a lean and 
a rich condition is repeated. As a result, the temperature 
of the subject NOx absorbent rises rapidly and reaches 
the sulfur component discharge temperature TS. This 
temperature rise is accompanied by an increase in the 
desorped SOx concentration. When a rich condition is 
switched to, the subject NOx absorbent inflow exhaust 
gas flow rate is lowered. At the same time, a reductant 
addition method is changed such that the air-fuel ratio 
is maintained at a substantially stoichiometric condition 
or a rich condition. As a result, the necessary tempera- 
ture and air-fuel ratio conditions for discharge of the ab- 
sorbed SOx are satisfied, and the discharge (desorp- 
tion) of SOx continues. 

[0088] As will be clearly apparent from the proceeding 
description of the embodiment, according to this embod- 
iment, the same operational effects (namely, by chang- 
ing both the subject NOx absorbent inflow exhaust gas 
flow rate and the addition method for the reductant dur- 
ing the temperature rise control and the rich condition 
control, it is possible to: reduce the regeneration time; 
suppress deterioration in fuel consumption and worsen- 
ing emissions; expand the engine operation range in 
which the S poisoning regeneration control using regu- 
lation of the inflowing exhaust gas flow rate can be ex- 
ecuted; and, prevent deterioration of the NOx absorbent 



caused by overheating of the NOx absorbent) as the first 
embodiment can be obtained. In addition, according to 
the second embodiment described above, when the S 
poisoning regeneration control is executed with respect 

5 to one of the NOx absorbents disposed in one of the 
branch passages, the subject NOx absorbent inflow ex- 
haust gas flow rate is regulated. Accordingly, the re- 
maining exhaust gas is fed into the other branch pas- 
sage and passes through the other NOx absorbent dis- 

10 posed in the respective branch passage. As a result, 
even when the S poisoning regeneration control is being 
executed, exhaust gas which has not passed through 
any of the NOx absorbents is prevented from being dis- 
charged to the atmosphere. 

15 [0089] Next, the third embodiment according to the in- 
vention will be described. FIG. 9 is an schematic explan- 
atory figure of an exterior appearance of the exhaust gas 
purification device 40 according to a third embodiment. 
FIG. 9A and FIG. 9B show the exhaust gas purification 

20 device 40 as viewed from above and as viewed from a 
side, respectively. In addition, FIG. 10A and FIG. 10B 
are explanatory figures showing cross sectional views 
of the exhaust gas pu rification device 40 as viewed from 
above and as viewed from the side, respectively. Flows 

25 of exhaust gas within the exhaust gas purification device 
40 are shown. 

[0090] This exhaust gas purification device 40, like 
the aforementioned exhaust gas purification devices 20 
and 30, according to the other embodiments, is dis- 

30 posed in the portion of the exhaust gas purification de- 
vice 1 0 shown in FIG. 1 , and forms a section of the ex- 
haust gas passage 6. As shown in FIG. 9, the exhaust 
gas purification device 40 includes a main passage 78, 
and a circular passage 82 which is connected to the 

35 main passage 78. A passage switching portion 84 is pro- 
vided at a connection portion of the main passage 78 
and the circular passage 82. The passage switching 
portion 84 is provided with a passage switching valve 
(regulation valve) 86 that both switches the route of the 

40 exhaust gas, and also regulates a flow rate of the ex- 
haust gas flowing to the NOx absorbent 12, as will be 
described hereinafter. The passage switching portion 84 
is also provided with a driving portion 88 for driving the 
passage switching valve 86. The passage switching 

45 portion 84 has four sides, which form two sets of hori- 
zontally opposing sides. These sides connect with four 
passages. Main passage portions 78a and 78b, which 
form two portions of the main passage 78, are connect- 
ed, respectively, with the sides of one of the sets of hor- 

50 izontally opposed sides. Furthermore, circular passage 
portions 82a and 82b, which form two portions of the 
circular passage 82, are connected, respectively, with 
the sides of the other set of horizontally opposed sides. 
[0091 ] The filter 1 4 supporting the same NOx absorb- 

55 ent 12 as used in the other embodiment is provided in 
the circular passage 82. The first circular passage por- 
tion 82a connects with a first surface S1 side of the filter 
1 4 (the NOx absorbent 1 2), and the second circular pas- 
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sage portion 82b connects with a second surface S2 
side thereof. In addition, a separate NOx absorbent 92 
is provided in the downstream side main passage por- 
tion 78b. The downstream side main passage portion 
78b is formed so as to surround the portion housing the 
filter 14 of the circular passage 82. 
[0092] In addition, the exhaust gas purification device 
40 includes a reductant addition portion for addition of 
reductant into the circular passage 82. This reductant is 
used during the execution of the S poisoning regenera- 
tion control of the NOx absorbent. In this embodiment, 
this reductant addition portion is assembled to the first 
circular passage portion 82a. The reductant addition 
portion includes a reductant injection nozzle 94, and a 
reductant supply pump (not shown in the figure). The 
ECU 8 controls the addition of the reductant, supplied 
from the reductant supply pump, into the first circular 
passage portion 82a. This addition is executed in an ap- 
propriate manner using the reductant injection nozzle 
94, according to control steps, and the like. Further- 
more, in this embodiment, as in the other embodiments, 
the diesel oil that is the fuel for the engine body 2 is used 
as the reductant. 

[0093] The passage switching portion 84 and the re- 
ductant addition portion are controlled by the ECU 8. 
More particularly, the ECU 8 is connected to the driving 
portion 88 of the passage switching portion 84, and con- 
trols operation of the passage switching valve 86 
through control of the driving portion 88. In addition, the 
ECU 8 is connected to the reductant injection nozzle 94 
of the reductant addition portion, and controls the re- 
ductant addition operation of the reductant injection noz- 
zle 94 through control of the reductant injection nozzle 
94 (thereof). 

[0094] In addition, according to the second embodi- 
ment, a temperature sensor 96 is provided in the filter 
14 which supports the NOx absorbent 12. The temper- 
ature sensor 96 is temperature estimation means for 
measuring the temperature of the NOx absorbent 12. 
The temperature sensor 96 is connected to the ECU 8, 
and sends measurement results to the ECU 8. The ECU 
8 determines an amount of reductant to be added for 
the S poisoning regeneration control of the NOx absorb- 
ent 12, based upon the received measurement result, 
and also controls the reductant addition operation of the 
reductant injection nozzle 94. In addition, according to 
this embodiment, for the same reason as was given for 
the first embodiment, the temperature sensor 96 is pro- 
vided at a downstream side end portion of the NOx ab- 
sorbent 1 2 so as to measure the temperature during the 
S poisoning regeneration control of the NOx absorbent 
12. 

[0095] Furthermore, according to this embodiment, 
the temperature sensor 96 is provided in direct connec- 
tion with the filter 14 supporting the NOx absorbent 12. 
However, the temperature sensor 96 may be provided, 
in a similar manner to the previous embodiments, at the 
downstream side of the filter 1 4 supporting the NOx ab- 



sorbent 1 2. Namely, the temperature sensor 96 may be 
provided in the second circular passage portion 82b, so 
as to derive the temperature of the NOx absorbent 12 
by means such as estimating, and the like, the temper- 

5 ature (in particular, the temperature at the downstream 
side edge) of the NOx absorbent 12, by measuring the 
temperature of the exhaust gas. 
[0096] The exhaust gas which flows into the exhaust 
gas purification device 40 flows without exception 

10 through the main passage 78, and may selectively flow 
through the circular passage 82, as will be descried 
hereinafter. 

[0097] FIG. 1 0A and FIG. 1 0B show flows of exhaust 
gas within the exhaust gas purification device 40 when 
15 the passage switching valve 86 is located in a first po- 
sition. In this case, the exhaust gas flowing within the 
exhaust gas purification device 40 flows through the up- 
stream side main passage portion 78a to the passage 
switching portion 84, then flows through the first circular 
20 passage portion 82a and the second circular passage 
portion 82b in that order, and returns to the passage 
switching portion 84. While doing this, the exhaust gas 
flows from the first surface S1 to the second surface S2 
of the filter 14 supporting the NOx absorbent 12. The 
25 exhaust gas which has returned to the passage switch- 
ing portion 84 flows into the downstream main passage 
portion 78b, and having passed through the separate 
NOx absorbent 92, is discharged from the exhaust gas 
purification device 40. In addition, as shown in FIG. 1 0A 
30 and FIG. 10B, the exhaust gas which has passed 
through the NOx absorbent 92, passes through the por- 
tion of the main passage portion 78b that is formed so 
as to enclose the portion housing the filter 14 of the cir- 
cular passage 82. [0098]FIG. 11 shows the flows of ex- 
35 haust gas in the exhaust gas purification device 40, in 
the same manner as FIG. 10A, when the passage 
switching valve 86 is positioned in a second position. In 
this case, the exhaust gas flows in a manner which is 
almost identical to that shown in FIG. 1 0A. However, the 
40 direction of flow along the circular passage 82 is exactly 
opposite. More specifically, the exhaust gas which has 
flowed to the passage switching portion 84, flows 
through the second circular passage portion 82b and the 
first circular passage portion 82a in that order, and re- 
45 turns to the passage switching portion 84. While doing 
so, the exhaust gas flows from the second surface S2 
to the first surface S1 of the filter 1 4 supporting the NOx 
absorbent 12. Accordingly, it is possible to reverse the 
direction of flow of the exhaust gas flowing to the NOx 
50 absorbent 1 2. As a result, during normal usage, it is pos- 
sible to prevent variation in the extent to which different 
portions of the NOx absorbent are utilized, etc., thus 
making efficient use of all of the NOx absorbent possi- 
ble. 

55 [0098] FIG. 12 shows the flows of exhaust gas in the 
exhaust gas purification device 40, in the same manner 
as FIG. 10A and FIG. 11, when the passage switching 
valve 86 is positioned in a third position. This third po- 
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sition is an intermediate position between the first posi- 
tion and the second position. It should be noted that the 
passage switching valve 86 is temporarily positioned in 
the third position, when the passage switching valve 86 
is changed between the first position and the second 
position. When the passage switching valve 86 is posi- 
tioned in the third position, almost all of the exhaust gas 
flowing into the passage switching portion 84 flows 
straight into the downstream main passage portion 78b, 
and, having passed through the NOx absorbent 92, is 
discharged from the exhaust gas purification device 40. 
[0099] As described above, when the passage 
switching valve 86 is in either one of the first and the 
second position, the exhaust gas passes through the fil- 
ter 14 supporting the NOx absorbent 12, and following 
this, also passes through the NOx absorbent 92. On the 
other hand, when the passage switching valve 86 is in 
the third position, almost all of the exhaust gas is dis- 
charged from the exhaust gas purification device 40 
having only passed through the NOx absorbent 92, and 
without passing through the filter 1 4 supporting the NOx 
absorbent 12. Accordingly, during normal operation, the 
passage switching valve 86 is positioned in one of the 
first position and the second position so that the exhaust 
gas is purified by passing through the filter 1 4 supporting 
the NOx absorbent 12 and the NOx absorbent 92. In 
addition, the position of the passage switching valve 86 
can be regulated between the first position and the sec- 
ond position using the driving portion 88, as necessary. 
[0100] Next, the operation of the third embodiment will 
be described. However, it should be noted that, the op- 
eration of a S poisoning regeneration control of this em- 
bodiment is fundamentally the same as the operation of 
the S poisoning regeneration control according to the 
first embodiment. The control routine of this S poisoning 
regeneration control is shown in FIG. 5. In addition, the 
corresponding relationship of elements (for example, 
the reductant injection nozzle 32 and the reductant in- 
jection nozzle 94, or the temperature sensor 34 and the 
temperature sensor 96), and the like, are clear from the 
figures and the previous description. Accordingly, a de- 
tailed description will be omitted here. However, the reg- 
ulation of the NOx absorbent inflow exhaust gas flow 
rate when using the passage switching valve 86 for, re- 
spectively, the temperature rise control and the rich con- 
dition control of this embodiment, is different to the reg- 
ulation executed in the first embodiment. Accordingly, a 
description will be provided hereinafter. 
[0101] The regulation of the NOx absorbent inflow ex- 
haust gas flow rate for the temperature rise control is 
executed in step S108 of FIG. 5. The regulation of the 
NOx absorbent inflow exhaust gas flow rate at this point, 
is executed by regulating the passage switching valve 
86 using the driving portion 88. As a result of this regu- 
lation, exhaust gas flows from the fi rst surf ace S1 toward 
the second surface S2 of the filter 14. In other words, 
the passage switching valve 86 is regulated so as to be, 
at the very least, on the first position side of the third 



position. 

[0102] Accordingly, if the passage switching valve 86 
is in the second position when the execution condition 
for S poisoning regeneration control is established, the 
5 previously described regulation causes the direction of 
the exhaust gas passing through the filter 1 4 supporting 
the NOx absorbent 12 to be reversed. In other words, 
the regulation of the NOx absorbent inflow exhaust gas 
flow rate at this point includes reversing the flow direc- 
tion of the exhaust gas. If the flow direction in which the 
the exhaust gas flows from the first surface S1 toward 
the second surface S2 of the filter 14 is taken to be a 
flow rate forward direction, then this reversal of flow di- 
rection equates to regulating the flow rate direction from 
a reverse flow rate direction to the forward flow rate di- 
rection. This regulation can be regarded as one type of 
flow rate regulation. The reason for executing regulation 
such that the exhaust gas flows from the first surface S1 
to the second surface S2 of the filter 14 is that an exe- 
cution position for reductant addition during the S poi- 
soning regeneration control is on the upstream side of 
the filter 14. In other words, the position of the reductant 
injection nozzle 94 is located on the upstream side of 
the filter 14 supporting the NOx absorbent 12. 
[0103] In addition, the regulation of the NOx absorb- 
ent inflow exhaust gas flow rate at this point is executed, 
as in the other embodiments, such that there is sufficient 
oxygen for combustion of the reductant added in order 
to raise the temperature of the NOx absorbent 12. For 
example, the passage switching valve 86 may be posi- 
tioned in the first position such that all of the exhaust 
gas discharged from the engine body 2 flows from the 
fi rst surf ace S1 toward the second surface S2 of the NOx 
absorbent 12 (the filter 14). Alternatively, in a similar 
manner to the previous embodiments, in the case when 
the flow rate of the exhaust gas discharge from the en- 
gine body 2 is high, it is undesirable if all of the exhaust 
gas is fed to the NOx absorbent 1 2. Accordingly, the po- 
sition of the passage switching valve 86 is regulated be- 
tween the first and the third positions, such that only a 
portion of the exhaust gas discharged from the engine 
flows to the NOx absorbent 1 2. In this case, the exhaust 
gas which does not flow to the NOx absorbent 1 2, name- 
ly, the exhaust gas which by-passes the NOx absorbent 
1 2, passes only through the separate NOx absorbent 92 
and is then discharged from the exhaust gas purification 
device 40. 

[0104] On the other hand, the regulation of the NOx 
absorbent inflow exhaust gas flow rate for the rich con- 
dition control is executed in step S110 of FIG. 5. In step 
S1 1 0, the reduction of the NOx absorbent inflow exhaust 
gas flow rate is executed. Accordingly, there is a reduc- 
tion in the amount of reductant which needs to be added 
in order to form a richer air-fuel ratio of the NOx absorb- 
ent inflow exhaust gas. As a result, deterioration in fuel 
consumption and worsening of emissions is sup- 
pressed. This reduction of the NOx absorbent inflow ex- 
haust gas flow rate is executed by driving the passage 
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switching valve 86 using the driving portion 88 to the 
third position side. This causes the NOx absorbent in- 
flow exhaust gas to flow from the first surface S1 toward 
the second surface S2 of the NOx absorbent 12 (the fil- 
ter 1 4 ), and the flow rate of the exhaust gas to become, 
at least, less than the NOx absorbent inflow exhaust gas 
at the time of the aforementioned temperature rise con- 
trol. 

[0105] FIG. 13A and FIG. 13B show, respectively, the 
temperature rises of the NOx absorbent 1 2 with respect 
to each position thereof (an upstream side position, a 
central position and a downstream side position with re- 
spect to the exhaust gas flow) when the passage switch- 
ing valve 86 is in the substantially central position (sub- 
stantially the third position) and in a downstream posi- 
tion (the fist position) according to the embodiment. As 
can clearly be seen from these figures, during the tem- 
perature rise control, it is possible to execute tempera- 
ture rise more rapidly when the passage switching valve 
86 is positioned on the first position side, and the flow 
rate of the inflow exhaust gas is increased. In addition, 
in general terms, regardless of the position of the pas- 
sage switching valve 86, the maximum temperature of 
the exhaust gas occurs at a position on the downstream 
side with respect to the exhaust gas flow. Accordingly, 
it is apparent from the figures that in order to prevent 
deterioration of the NOx absorbent 12 caused by over 
heating, it is preferable to monitor the temperature at the 
downstream side edge of the NOx absorbent 12. 
[0106] Furthermore, FIG. 14 is a graph showing an 
example of the S poisoning regeneration control accord- 
ing to this embodiment. This graph illustrates changes 
over time with respect to: the flow rate (the position of 
the passage switching valve) of the exhaust gas flowing 
into the NOx absorbent 12; a reductant addition pulse; 
and, the temperature of the NOx absorbent 12. In addi- 
tion, the bracketed changing valve positions, i.e., 
(Downstream), (Central) and (Reverse Flow), shown in 
the section of FIG. 14 related to the flow rate of exhaust 
gas flowing to the NOx absorbent 12, correspond to the 
first, third and second positions of the passage switching 
valve 86, respectively. 

[0107] In the example shown in FIG. 14, during the 
temperature rise control, the passage switching valve 
86 is held in the downstream position (the first position), 
the inflowing exhaust gas flow rate is maintained at a 
comparatively high level, and the reductant is added ac- 
cording to a pulse having high frequency and short con- 
tinuation time. As a result, the temperature of the NOx 
absorbent 12 rises rapidly until the sulfur component 
discharge temperature TS is reached, and thus the nec- 
essary temperature condition for discharge of the ab- 
sorbed SOx is realized. When rich condition control is 
switched to, the passage switching valve 86 is driven to 
the substantially central position (substantially the third 
position), the flow rate of the exhaust gas flowing to the 
NOx absorbent 12 is reduced, and a reductant addition 
method is changed such that additions occur according 



to a pulse having low frequency and long continuation 
time. As a result, the air-fuel ratio having a substantially 
stoichiometric condition or a rich condition is main- 
tained. Accordingly, both the necessary temperature 
5 and air-fuel ratio conditions for discharge of absorbed 
SOx are satisfied, and discharge (desorption) of SOx is 
executed. 

[0108] As is clear from the proceeding description of 
this embodiment, according to this embodiment, the 

10 same beneficial operational effects as the first embodi- 
ment can be obtained. In addition, during the execution 
of the S poisoning regeneration control, exhaust gas is 
prevented from being discharged to the atmosphere 
without passing through any of the NOx absorbent. In 

15 addition, as previously described, according to this em- 
bodiment, it is possible to reverse the flow direction of 
the exhaust gas flowing to the NOx absorbent 12. This 
makes it possible, during normal use, to prevent varia- 
tion in the extent to which different portions of the NOx 

20 absorbent are utilized, etc., thus making efficient use of 
all of the NOx absorbent possible. 
[0109] According to this invention, as described 
above, during the temperature rise control and the rich 
condition control of the S poisoning regeneration con- 

25 trol, it is possible to reduce the regeneration time for the 
S poisoning and suppress deterioration in fuel con- 
sumption and worsening emissions. This is achieved by 
changing both the flow rate of the exhaust gas flowing 
to the subject NOx absorbent and the reductant addition 

30 method. In the case of each of the previously described 
embodiments, examples were presented in which the 
inflow exhaust gas flow rate and the reductant addition 
method were both changed for the temperature rise con- 
trol and the rich condition control. However, the same 

35 effects may be obtained in both the temperature rise 
control and the rich condition control by changing just 
one of the inflow exhaust gas flow rate and the reductant 
addition method. 

[0110] In addition, according to each of the aforemen- 
40 tioned embodiments, it is not necessary to substantially 
restrict the total amount of exhaust gas discharged from 
the internal combustion engine. Accordingly, it is possi- 
ble to execute the S poisoning regeneration control 
throughout a broad range of engine operating ranges. 
45 This is achieved by regulating the subject NOx absorb- 
ent inflow exhaust gas flow rate, by utilizing a passage 
for by-passing the subject NOx absorbent. However, the 
invention is not limited to this, and may regulate the sub- 
ject NOx absorbent inflow exhaust gas flow rate by other 
50 means. 

[0111] In addition, according to each of the embodi- 
ments, deterioration, and the like, of the NOx absorbent 
caused by overheating is prevented. This is achieved 
by adding the amount of reductant which accords with 
55 the necessary temperature rise, during the temperature 
rise control of the S poisoning regeneration control. In 
addition, the addition of the reductant during the rich 
condition control of the S poisoning regeneration control 
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is executed such that the temperature of the NOx ab- 
sorbent is kept from reaching the temperature at which 
deterioration of the NOx absorbent occurs. However, 
the invention is not limited to this, and may be realized 
with a different configuration. 

[01 12] Furthermore, according to each of the embod- 
iments, the NOx absorbent is supported in the wall sur- 
faces of the exhaust gas passages within the filter. How- 
ever, the invention is not limited to this, and the NOx 
absorbent and the filter may be separate and independ- 
ent elements. 

[0113] In addition, according to each of the embodi- 
ments, the condition for starting reduction of the NOx 
absorbent inflowing exhaust gas flow rate when switch- 
ing from the temperature rise control to the rich condition 
control, is whether the temperature TF of the NOx ab- 
sorbent is equal to or above the sulfur component dis- 
charge temperature TS. However, this condition may be 
changed to the condition that, the temperature TF of the 
NOx absorbent is equal to or above a predetermined 
temperature less than the sulfur component discharge 
temperature TS. In this case, slow reduction over a pe- 
riod of time of the NOx absorbent inflowing exhaust gas 
flow rate to the desired flow rate begins when the con- 
dition is satisfied. When the desired flow rate is realized, 
the temperature TF is equal to or above the sulfur com- 
ponent discharge temperature TS. 
[0114] Alternatively, bearing in mind temperature re- 
duction following the switch to the rich condition control, 
the aforementioned temperature used as the condition 
for switching from the temperature rise control to the rich 
condition control (namely, a target value for temperatu re 
rise control), may be set higher than the sulfur compo- 
nent discharge temperature. In this case, it should be 
noted that, the target temperature should be set so as 
to be lower than the temperature at which deterioration 
of the NOx absorbent occurs. 

[0115] In addition, according to each of the embodi- 
ments, the invention is applied to the diesel engine. 
However, the invention is not limited to this, and can be 
applied to other types of internal combustion engine. 
[01 1 6] According to the embodiments, during the rich 
condition control, if the temperature of the NOx absorb- 
ent subject to the S poisoning regeneration control be- 
comes lower than a predetermined temperature, it is 
possible to execute the temperature rise control once 
again. As a result, even if the temperature of the NOx 
absorbent falls once, the S poisoning regeneration con- 
trol can be executed once again, starting from temper- 
ature rise control. As a result, it is possible to reliably 
achieve a predetermined level of S poisoning regener- 
ation. 

[0117] In addition, according to the embodiments, the 
sulfur component discharge temperature is the prede- 
termined temperature. As a result, the temperature of 
the NOx absorbent is inevitably raised to the sulfur com- 
ponent discharge temperature, and thus S poisoning re- 
generation control can be executed more reliably. 



[0118] In addition, according to the embodiments, 
temperature of the NOx absorbent at the downstream 
side edge may be estimated. This makes it possible to 
monitor the temperature of the downstream side edge 
5 of the NOx absorbent. Generally speaking, the temper- 
ature reaches a maximum at this point. As a result, it is 
possible to more reliably prevent deterioration of the 
NOx absorbent caused by overheating. 

10 

Claims 

1. An exhaust gas purification device (10, 20, 30, 40) 
having a NOx absorbent (12, 1 2a, 1 2b) which is dis- 

15 posed in an exhaust gas passage (6), through 
which exhaust gas discharged from an internal 
combustion engine (2) passes, this NOx absorbent 
(1 2, 1 2a, 1 2b) absorbing NOx when an air-fuel ratio 
of inflowing exhaust gas is lean, and reducing and 

20 purifying this absorbed NOx when the air-fuel ratio 
of the inflowing exhaust gas becomes richer, char- 
acterised by including: 

exhaust gas flow rate control means (22) capa- 
25 ble of regulating a flow rate of the exhaust gas 

flowing to the NOx absorbent (12, 12a, 12b); 
and 

reductant addition means (32, 68, 72, 94) for 
adding reductant into the exhaust gas passage 
30 (6) upstream of the NOx absorbent (12, 12a, 

12b); and characterised in that, 

a sulfur poisoning regeneration control is 
executed, when it is necessary to dis- 

35 charge sulfur components from the NOx 

absorbent (12, 12a, 12b), during which a 
temperature rise control is executed for 
controlling a temperature of the NOx ab- 
sorbent (12, 12a, 12b) such that the tem- 

40 perature is higher than a predetermined 

temperature, and then, a rich condition 
control is executed for controlling the air- 
fuel ratio of the exhaust gas flowing to the 
NOx absorbent (12, 12a, 12b) such that 

45 one of a substantially stoichiometric condi- 

tion and a rich condition is formed, and 
control is executed such that the flow rate 
of the exhaust gas flowing to the NOx ab- 
sorbent (12, 12a, 12b) is greater during ex- 

50 ecution of the temperature rise control than 

during execution of the rich condition con- 
trol. 

2. An exhaust gas purification device (10, 20, 30, 40) 
55 having a NOx absorbent (1 2, 1 2a, 1 2b) which is dis- 
posed in an exhaust gas passage (6), through 
which exhaust gas discharged from an internal 
combustion engine (2) passes, this NOx absorbent 
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(1 2, 1 2a, 1 2b) absorbing NOx when an air-fuel ratio 
of inflowing exhaust gas is lean, and reducing and 
purifying this absorbed NOx when the air-fuel ratio 
of the inflowing exhaust gas becomes richer, char- 
acterised by including: 5 

exhaust gas flow rate control means (22) capa- 
ble of regulating a flow rate of the exhaust gas 
flowing to the NOx absorbent (12, 12a, 12b); 
reductant addition means (32, 68, 72, 94) for 10 
adding reductant into the exhaust gas passage 
(6) upstream of the NOx absorbent (12, 12a, 
12b); an characterised in that 

a sulfur poisoning regeneration control is 15 
executed, when it is necessary to dis- 
charge sulfur components from the NOx 
absorbent (12, 12a, 12b), during which a 
temperature rise control is executed for 
controlling a temperature of the NOx ab- 20 
sorbent (12, 12a, 12b) such that the tem- 
perature is higher than a predetermined 
temperature, and then, a rich condition 
control is executed for controlling the air- 
fuel ratio of the exhaust gas flowing to the 25 
NOx absorbent (12, 12a, 12b) such that 
one of a substantially stoichiometric condi- 
tion and a rich condition is formed, and 
the reductant adds in accordance with a 
first method during the temperature rise 30 
control and a second method during the 
rich condition control different to the first 
method, respectively. 

3. The exhaust gas purification device according to 35 
claim 2, characterised by further including: 

a by-pass passage (1 8) for by-passing the NOx 
absorbent (12, 12a, 12b), and characterised 
in that 40 

the exhaust gas flow rate control means 
(22) can regulate both the flow rate of the 
exhaust gas flowing to the NOx absorbent 
(12, 12a, 12b) and the flow rate of the ex- 45 
haust gas which by-passes the NOx ab- 
sorbent (12, 12a, 12b). 

4. The exhaust gas purification device according to 
one of claims 1 and 3, characterised in that: 50 

when it is necessary to discharge the sulfur 
components from the NOx absorbent (12, 12a, 
12b), reductant adds in accordance with a first 
method during the execution of the temperature 55 
rise control and a second method during the ex- 
ecution of the rich condition control different to 
the first method, respectively. 



5. The exhaust gas purification device according to 
any one of claims 1 to 4, characterised in that: 

the exhaust gas flow rate control means (22) 
controls the flow rate of the exhaust gas flowing 
to the NOx absorbent (12, 12a, 12b) and also 
controls reversing a direction of the exhaust 
gas flowing to the NOx absorbent (12, 12a, 
12b). 

6. The exhaust gas purification device according to 
claim 5, characterised in that: 

the exhaust gas flow rate control means (22) 
has a passage switching valve (86) for revers- 
ing the direction of the exhaust gas flowing to 
the NOx absorbent (12, 12a, 12b). 

7. The exhaust gas purification device according to 
claim 5, characterised in that: 

sulfur poisoning regeneration control means 
executes control of the temperature rise control 
means and the rich condition control means for 
the NOx absorbent (1 2, 1 2a, 1 2b) which is sub- 
ject to a sulfur poisoning regeneration control 
for discharging the sulfur components from the 
NOx absorbent (12, 12a, 12b). 

8. The exhaust gas purification device according to 
any one of claims 1 to 7, further characterised in 
that; 

during the temperature rise control, a reduct- 
ant amount to be added is determined in accord- 
ance with one of, a difference between the temper- 
ature of the NOx absorbent (12, 12a, 12b) prior to 
a start of temperature rise and a predetermined 
temperature, and a difference between the temper- 
ature of the NOx absorbent (12, 12a, 12b) during 
temperature rise progression and the predeter- 
mined temperature, and the determined reductant 
amount is added into the exhaust gas passage (6), 
such that a lean condition of an average air-fuel ra- 
tio of the exhaust gas flowing to the NOx absorbent 
(12, 12a, 12b) is maintained, and thus the temper- 
ature of the NOx absorbent (12, 12a, 12b) rises, at 
the least, to the predetermined temperature. 

9. The exhaust gas purification device according to 
any one of claims 1 to 8, further characterised in 
that; 

during the rich condition control, the reductant 
is added into the exhaust gas passage (6) such that 
the air-fuel ratio of the exhaust gas flowing to the 
NOx absorbent (1 2, 1 2a, 1 2b) becomes richer than 
an ideal air-fuel ratio, and the temperature of the 
NOx absorbent (12, 1 2a, 1 2b) is kept from reaching 
a temperature at which deterioration of the NOx ab- 
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sorbent (12, 12a, 12b) occurs. 

10. An exhaust gas purification device (10, 20, 30, 40) 
having a NOx absorbent (1 2, 1 2a, 1 2b) which is dis- 
posed in an exhaust gas passage (6), through 5 
which exhaust gas discharged from an internal 
combustion engine (2) passes, this NOx absorbent 
(12, 1 2a, 1 2b) absorbing NOx when an air-fuel ratio 
of inflowing exhaust gas is lean, and reducing and 
purifying this absorbed NOx when the air-fuel ratio 10 
of the inflowing exhaust gas becomes richer, char- 
acterised by including: 

exhaust gas flow rate control means (22) capa- 
ble of regulating a flow rate of the exhaust gas 15 
flowing to the NOx absorbent (12, 12a, 12b); 
reductant addition means (32, 68, 72, 94) for 
adding reductant into the exhaust gas passage 
(6) upstream of the NOx absorbent (12, 12a, 
12b); and characterised in that 20 

a sulfur poisoning regeneration control is 
executed, when it is necessary to dis- 
charge sulfur components from the NOx 
absorbent (12, 12a, 12b), during which a 25 
temperature rise control is executed for 
controlling a temperature of the NOx ab- 
sorbent (12, 12a, 12b) such that the tem- 
perature is higher than a predetermined 
temperature, and then, a rich condition 30 
control is executed for controlling the air- 
fuel ratio of the exhaust gas flowing to the 
NOx absorbent (12, 12a, 12b) such that 
one of a substantially stoichiometric condi- 
tion and a rich condition is formed; 35 
during the temperature rise control, a re- 
ductant amount to be added is determined 
in accordance with one of, a difference be- 
tween the temperature of the NOx absorb- 
ent (1 2, 1 2a, 1 2b) prior to a start of temper- 40 
ature rise and a predetermined tempera- 
ture, and a difference between the temper- 
ature of the NOx absorbent (12, 12a, 12b) 
during temperature rise progression and 
the predetermined temperature, and fur- 45 
thermore, control is executed such that the 
flow rate of the exhaust gas flowing to the 
subject NOx absorbent (1 2, 1 2a, 1 2b) dur- 
ing the temperature rise control is greater 
than that during the rich condition control, 50 
and the reductant amount is added into the 
exhaust gas passage (6), such that a lean 
condition of the average air-fuel ratio of the 
exhaust gas flowing to the NOx absorbent 
(12, 12a, 12b) is maintained, thus causing 55 
the temperature of the NOx absorbent (1 2, 
1 2a, 1 2b) to rise, at the least, to the prede- 
termined temperature, and on the other 



hand, 

during the rich condition control, the flow 
rate of the exhaust gas flowing to the NOx 
absorbent (12, 12a, 12b) is reduced as 
compared to that during the temperature 
rise control, and the reductant is added into 
the exhaust gas passage (6) such that the 
air-fuel ratio of the exhaust gas flowing to 
the NOx absorbent (12, 12a, 12b) be- 
comes richer than an ideal air-fuel ratio, 
and the temperature of the NOx absorbent 
(1 2, 1 2a, 1 2b) is kept from reaching a tem- 
perature at which deterioration of the NOx 
absorbent (12, 12a, 12b) occurs. 

11. The exhaust gas purification device according to 
any one of claims 1 to 10, characterised in that: 

the exhaust gas passage (6) is formed from a 
first branch passage and a second branch pas- 
sage, the second branch passage diverging at 
a point along the first branch passage and then 
converging at a separate point at a downstream 
side of the diverging point of the first branch 
passage, and furthermore, the NOx absorbent 
(12, 12a, 12b) is disposed between the diverg- 
ing point and the converging point of the first 
and second branch passages, and the exhaust 
gas flow rate control means (22) controls a flow 
rate ratio of the exhaust gas flowing in both of 
the first and second branch passages. 

12. The exhaust gas purification device according to 
any one of claims 1 to claim 11 , characterised in 
that: 

the reductant addition, during the temperature 
rise control and the rich condition control, re- 
spectively, is executed by injection of the re- 
ductant a plurality of times, these injections be- 
ing executed such that both an injection contin- 
uation duration for each of the injections is long- 
er during the rich condition control than during 
the temperature rise control, and an injection 
frequency is lower during the rich condition con- 
trol than during the temperature rise control. 

13. The exhaust gas purification device according to 
any one of claims 1 to 12, characterised in that: 

the reductant addition, during the temperature 
rise control and the rich condition control, re- 
spectively, is executed by injection of the re- 
ductant the plurality of times, these injections 
being executed such that both a reductant in- 
jection amount of the injection for each of a unit 
of time is greater during the rich condition con- 
trol than during the temperature rise control, 
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and the injection frequency is lower during the 
rich condition than during the temperature rise 
control. 

14. The exhaust gas purification device according to 5 
any one of claims 1 to 13, characterised in that: 

the reductant addition, during the temperature 
rise control and the rich condition control, re- 
spectively, is executed by injection of the re- 10 
ductant the plurality of times, these injections 
being executed such that both the reductant in- 
jection amount of the injection for each of the 
unit of time is greater during the rich condition 
control than during the temperature rise con- 15 
trol, and the injection continuation duration of 
each of the injections is shorter during the rich 
condition control than during the temperature 
rise control. 

20 

15. The exhaust gas purification device according to 
any one of claims 1 to 14, characterised in that: 

during the rich condition control, if the temper- 
ature of the NOx absorbent (1 2, 1 2a, 1 2b) sub- 25 
jectto the sulfur poisoning regeneration control 
becomes lower than the predetermined tem- 
perature, the temperature rise control is exe- 
cuted again. 

30 

16. The exhaust gas purification device according to 
any one of claims 1 to 1 5, characterised in that: 

the predetermined temperature is a tempera- 
ture at which the sulfur components discharge 35 
from the NOx absorbent (12, 12a, 12b). 

17. The exhaust gas purification device according to 
any one of claims 1 to 1 6, characterised in that: 

40 



18. The exhaust gas purification device according to 
any one of claims 1 to 1 7, characterised by further 
comprising: 



19. A control method for discharging sulfur components 
from a NOx absorbent (1 2, 1 2a, 1 2b), for an exhaust 
gas purification device (10, 20, 30, 40) having a 
NOx absorbent (12, 12a, 12b) which is disposed in 
an exhaust gas passage (6), through which exhaust 
gas discharged from an internal combustion engine 
(2) passes, this NOx absorbent (12, 12a, 12b) ab- 
sorbing NOx when an air-fuel ratio of inflowing ex- 
haust gas is lean, and reducing and purifying this 
absorbed NOx when the air-fuel ratio of the inflow- 
ing exhaust gas becomes richer, characterised by 
comprising the steps of: 

controlling a temperature of the NOx absorbent 
(12, 12a, 12b) such that the temperature is 
higher than a predetermined temperature; and 
controlling the air-fuel ratio of the exhaust gas, 
following the temperature rise control step, 
such that the air-fuel ratio of the exhaust gas 
flowing to the NOx absorbent (1 2, 1 2a, 1 2b) be- 
comes one of a substantially stoichiometric 
condition and a rich condition, 
and in that the flow rate of the exhaust gas flow- 
ing to the NOx absorbent (12, 12a, 12b) during 
the temperature rise control is controlled so as 
to be higher than that during the rich condition 
control. 

20. A control method for discharging sulfur components 
from a NOx absorbent (1 2, 1 2a, 1 2b), for an exhaust 
gas purification device (10, 20, 30, 40) having a 
NOx absorbent (12, 12a, 12b) which is disposed in 
an exhaust gas passage (6), through which exhaust 
gas discharged from an internal combustion engine 
(2) passes, this NOx absorbent (12, 12a, 12b) ab- 
sorbing NOx when an air-fuel ratio of inflowing ex- 
haust gas is lean, and reducing and purifying this 
absorbed NOx when the air-fuel ratio of the inflow- 
ing exhaust gas becomes richer, characterised by 
comprising the steps of: 

controlling a temperature rise by adding a re- 
ductant according to a first addition method into 
the exhaust gas passage (6) upstream of the 
NOx absorbent (1 2, 1 2a, 1 2b), such that a tem- 
perature of the NOx absorbent (12, 12a, 12b) 
is higher than a predetermined temperature; 
and 

controlling a rich condition, following the tem- 
perature rise control, by adding the reductant 
into the exhaust gas passage (6) upstream of 
the NOx absorbent (12, 12a, 12b) according to 
a second addition method different to the first 
addition method, such that the air-fuel ratio of 
the exhaust gas flowing to the NOx absorbent 
(12, 12a, 12b) becomes one of a substantially 
stoichiometric condition and a rich condition. 



temperature estimation means for estimating so 
the temperature at a downstream side edge 
portion of the NOx absorbent (12, 12a, 12b), 
and in that 

the temperature of the NOx absorbent (12, 55 
1 2a, 1 2b) is controlled based on a temper- 
ature estimation form the temperature es- 
timation portion. 



35 



the NOx absorbent (12, 12a, 12b) is supported 
by means for removing exhaust particulate 
matter (14, 56, 58) within the exhaust gas and 
is disposed in the exhaust gas passage (6). 
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